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Abstract

This paper exploits a novel reform in Idaho to measure the monetary value created by clarifying

property rights for water. Between 1987 and 2014, the Snake River Basin Adjudication determined who

had legal rights to use water and what trades would be hydrologically permissible, covering 139,000 water

rights and 90% of Idaho’s water use. Using di!erences in the timing of adjudication between di!erent

sub-basins, we identify the medium-run impacts of this adjudication. We find that adjudication caused

a 140% increase in the frequency of water right trading, that these trades moved water to relatively

more productive parcels of land, and that adjudication increased total crop acreage by 3.9%. To evaluate

whether these benefits justify the $94 million Idaho spent in legal proceedings during the adjudication,

we use a revealed preference framework and exploit quasi-random variation in federally-administered

crop insurance prices to monetize the value of changes in crop choice after adjudication. We find that

the one-time adjudication of the Snake River Basin increased the value of Idaho’s agricultural output by

$250 million per year.
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1 Introduction

As first identified by Coase (1960), transaction costs are a crucial determinant of allocative e!ciency in

resource markets. Reforms that reduce transaction costs will increase the number of potential Pareto-

e!ciency improving trades, which will lead to more e!cient ex-post resource allocation. Transaction costs

can be a significant institutional barrier to e!cient allocation in the context of water rights because patterns

of water allocation reflect the historical development of water resources rather than the distribution that

might be optimal today. Furthermore, because water availability poses a binding constraint on agricultural

activity in arid regions, allocating water more e!ciently has the potential to achieve high returns. As climate

change and urban growth cause patterns of water demand to change, institutions must be su!ciently flexible

to ensure that water continues to be allocated e!ciently.

In the Western United States, water use is governed by the legal doctrine of ‘prior appropriation.’ Under

this doctrine, historical patterns of water use give rise to de-facto property rights. Specifically, if an individual

has historically diverted water and put it to beneficial use, then they gain a legal right to continue diverting

water for beneficial use in the future. Water rights exist detached from the land on which the water is used,

and so in principle they can be bought and sold across di"erent parcels of land. Many economists argue that

this could give rise to a flexible market for water rights.1 However, the development of markets for water

has been hampered across the Western US by the lack of institutional support. Although water rights exist

as legal entitlements, states have historically spent few resources attempting to verify or document these

rights systematically.2 Furthermore, enforcement of rights has typically involved time-consuming ground

truthing, conflicts between water users, and litigation, all of which are not responsive to the immediate

needs of irrigators during times of drought.

This lack of documentation is significant because it has made the trading of water rights di!cult for

several reasons. Firstly, before trading, potential sellers must prove to the state that they have a legitimate

claim. Proving these claims is costly because it requires systematically documenting historical use, and it

also puts potential sellers at risk of losing their water if the state fails to endorse their right. Second, the state

requires that proposed trades of water rights have no adverse impacts on third parties, such as other water

right holders, environmental users, or other stakeholders. Mitigation plans are typically required to alleviate

third-party impacts before trades are approved. However, a"ected third parties are particularly di!cult

to identify, especially when the rights of potential third parties are also not documented. For example,

1For example, Anderson and Libecap (2014) and Burness and Quirk (1979). The latter build a model which highlights the
conditions under which ‘prior appropriation’ leads to allocative e"ciency.

2Colorado is the only state in the West that has systematically documented and administered its water rights continuously
since the founding of the state. As a result, today Colorado has the most functional water markets in the western United States.
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demonstrating a proposed trade has no third party impacts might require expert hydrological modeling,

or designing a mitigation plan to o"set third-party impacts, which requires engineering or legal expertise.

When considered through an economic lens, these are perfect examples of what Coase (1960) would describe

as transaction costs.3

Transaction costs entrench status quo of water use, which reflects historical necessities of the development

of agriculture and the corresponding water resources rather than suiting how water might be most e!ciently

allocated today.4 Typically, disputes have been resolved on an ad-hoc basis: when a problem arises, a

judge will determine the water rights of the parties involved. However, over the past thirty years, it has

become common for states to try to minimize disputes by undertaking a process of general basin adjudication.

General basin adjudication is a process in which a court formally verifies which users within a watershed have

valid rights, and what their entitlements are. However, because of their scale and legal complexity, large

scale adjudications often take decades to complete and involve significant litigation costs. Initially, experts

thought that large adjudications could be completed within a few years. However, as litigation caused the

process to drag on for decades, the cost to taxpayers became increasingly steep, leading some legal scholars

to question the e!cacy of general basin adjudication (Tarlock, 2009; Macdonnell, 2015).

From a benefit-cost perspective, in administering the general basin adjudication, the state pays a large

up-front fixed cost in order to reduce the marginal cost that right holders will pay every whenever they trade

water rights in the future. For example, Idaho spent over $94 million on the legal process of adjudicating and

documenting water rights in terms of up-front costs. That number does not include private costs incurred

by holders of water rights, who had to defend their claims. On the other hand, amongst other benefits,

adjudication increases the number of potential Pareto-e!ciency improving water right trades by reducing

the variable costs associated with each trade. This, in turn, will lead to more trading and a more e!cient ex-

post allocation. For the benefits of adjudication process to exceed the costs in the medium run, the e!ciency

gains in the new ex-post allocations and water use must outweigh the legal costs spent on adjudication. Yet,

to date no research to our knowledge has attempted to quantify the impact of a large-scale adjudication, a

gap in the literature that this paper aims to fill.5,6

This paper asks two questions: first, what impact does adjudicating water rights have on patterns

of trading and leasing of rights? And second, what impact does adjudication have on patterns of farm

3Colby (1990) discusses what he calls ‘policy induced transaction costs’ in water markets.
4Leonard and Libecap (2019) systematically document this fact in Colorado.
5Adjudication might also have long-term benefits. For example, having a more flexible system of water rights might allow for

more flexible response to future pressures such as urban growth and climate change. Furthermore systematically documenting
water rights will also enable planners to make more rational planning decisions in the future. Although hugely significant,
these benefits are beyond the scope of this paper, which will focus on identifying only the medium-run benefits of adjudication.
However, because of the potential for these long-term benefits, our results should be interpreted as a lower bound on the true
benefits of adjudication.

6 Debaere and Li (2020) is a recent exception.
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production and investment? We study these questions in the setting of the adjudication of the Snake River

Basin in the state of Idaho. Between 1987 and 2014, Idaho build a large bureaucracy to undertake the

largest water right adjudication ever completed to date in the western United States.7 The adjudication

covered 87 percent of Idaho’s land area and 90 percent of its water use. The adjudication covered some

139,000 individual water rights, which corresponds to the court settling approximately one case every 90

minutes for 24 years.8 Put another way, the adjudication settled one court case for every ten people in Idaho.

During this process, water courts clarified individual property rights, reformed water law, and streamlined

the institutions which manage water and approve water right transfers within the state.

In addition to the policy variation, this setting also allows us to compile a novel and comprehensive

linked individual-level panel dataset of water rights, water right transactions, water consumption, and crop

choice. In particular, we observe the following data: First, a comprehensive database of water rights, which

is linked to the land parcels on which they are used; Second, all transfers and trades of water rights within

the state, before and after the reform.9 Third, a remotely-sensed measure of water consumption from

evapotranspiration, which can be used to estimate the quantity of water applied to a given parcel of land.

Fourth, remotely-sensed land use data, which is then used to estimate the value of the agricultural output

that each farmer produces with their water rights.

We identify the medium-run impacts of adjudication using panel variation in the timing of adjudication

between sub-basins.10 Figure 1 illustrates a map for each sub-basin in Idaho, which formed the basic unit for

the adjudication process. We argue that in a panel framework, estimates based on variations in the timing of

adjudication between sub-basins are unbiased because there are parallel trends in observed outcomes between

basins that are adjudicated earlier relative to later. Furthermore, because every sub-basin within the Snake

River Basin eventually becomes adjudicated, there is no selection into adjudication, which might bias our

estimates11

The empirical analysis is presented in three parts. First, we test for reduced form evidence that adju-

dication leads to an increase in the rate at which water rights are traded. After adjudication, we find a

140 percent increase in the rate at which water rights are traded. This increase is robust to a variety of

specifications.

7Only the total number of rights involved in the ongoing adjudication of the state of Montana is larger.
8Supreme Court Justice Antony Scalia made this observation during remarks he gave at the conclusion of the adjudication

(Vonde et al., 2016).
9There are two limitations with respect to the scope of the dataset: (1) we do not have an extensive pre-adjudication series

for rights adjudicated early on and (2) we do not observe the price at which rights are traded.
10The Snake River Basin was divided into 35 sub-basins, and the adjudication took place on a quasi-sequential sub-basin by

sub-basin basis.
11This is unlike most adjudications, which occur only locally and on a small scale. Estimating the value of such small-scale

adjudications could lead to a selection e!ect if adjudication only occurs in basins which have significant water right disputes,
and those basins are also the ones which have the highest returns to adjudication.
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Second, we use remotely sensed data to determine whether these paper transfers of water rights lead to

real changes in water use. We find that on average, buyers of water rights hold land with higher productivity

soil characteristics than their respective sellers. Furthermore, after a trade of water rights takes place, buyers

of water rights expand their crop acreage relative to the sellers. Both pieces of evidence suggest an increase

in aggregate economic output after adjudication, as a result of increased trading.12

Third, we estimate the value generated by the adjudication reforms. In the environmental economics

literature, a hedonic or Ricardian approach is typically taken to estimating such a value, regressing a post-

reform dummy on some form of land value, which are thought to capitalize all benefits of the reform (e.g.

Buck, Au"hammer and Sunding, 2014; Brent, 2016; Hendricks, 2018). We attempt this using data from

the census of agriculture, but the data is not at a su!ciently high resolution to draw conclusions. Instead,

we propose a novel method to estimate the value created by adjudication: using a revealed preference

framework based on farmer’s crop choices. Based on the relative profitability of each choice, and given

individual characteristics and time specific shocks, farmers choose either between planting di"erent crops or

leaving their land as pasture in order to maximize their profit. The adjudication reform changes the relative

profitability of each choice given their di"erential yield elasticity to irrigation water. By estimating 1) a

multinomial logit model between the six largest crops grown in Idaho, pastureland, or fallow-land, and 2)

a binomial logit model (cropland vs. pasture), we identify up to a scalar how the change in relative utility

of planting each crop changes after adjudication. However, in order to interpret this change in monetary

terms, we need to divide the coe!cient through by a regression coe!cient that is itself interpretable in

dollar terms. To monetize our estimates, we use demand responses to exogenous changes in federal crop

insurance prices. Although the point estimates are noisy, we find that adjudication increased the value of

Idaho’s annual agricultural output by $250 million. At least 20% of this e"ect can be explained by increased

acreage amongst individuals who traded water rights, which is suggestive of realized gains from trade.In an

online appendix, we look for evidence of the impacts of this reform using county-level data from the census

of agriculture. Although our findings are consistent with our analysis of parcel-level data, the data are too

aggregate and noisy to draw statistical conclusions.

This paper adds to three distinct streams of the scholarly literature. First, this paper contributes to the

understanding of the economic impact of variations in property rights. There is a growing empirical litera-

ture which examines quasi-random variation in property rights generated from various sources, for example

political reform (Alston, Libecap and Mueller, 2000; Libecap and Lueck, 2011; Galiani and Schargrodsky,

2010), political connectedness (Goldstein and Udry, 2008), or technological change (Hornbeck, 2010). This

paper adds to this stream of literature by measuring how institutional changes reduce transaction costs, as

12However, we cannot detect a significant di!erence in water consumption after adjudication.
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theoretically motivated by Coase (1960) and Demsetz (1967), and lead to measurable e!ciency gains. Recent

authors have pointed out that this is still an understudied area for natural resources and the environment

(Libecap, 2016; Wang, 2007).13

Secondly, we add to the literature on understanding the economic performance of water allocation systems

in the Western US and worldwide, especially in places where water is scarce. A few recent papers have

examined similar questions. For example, Debaere and Li (2020) estimates the long-term impact of the

Rio-Grande adjudication using aggregate data from the census of agriculture; Ayres, Edwards and Libecap

(2018) and Ayres, Meng and Plantinga (2019) study the role transaction costs play in the management of

groundwater in California; Ji and Cobourn (2018) and Smith (2021) examine the economic implications of

collective allocation institutions as an alternative to appropriative rights; Donna and EsṕınSánchez (2018)

studies a historic Spanish water market which switched from a quota to a market system. Our study adds

to this literature by providing quantitative evidence on the e!ciency gains from defining property rights for

water, facilitated through the vibrancy of water transfer markets.

Thirdly, this paper also adds to the literature on the economic value of water. A number of studies have

tried to put a price tag on irrigation water using the hedonic method, for example Mukherjee and Schwabe

(2014) and Buck, Au"hammer and Sunding (2014) in California, Faux and Perry (1999) in Oregon, Petrie

and Taylor (2007) in Georgia, and Brent (2016) in Washington State. Our study adds to this stream of

literature by quantifying the monetary value of water in the context of the Semi-arid US West, using a

framework based on revealed preferences of farm production decisions. Our approach is similar to Ji and

Cobourn (2018) and Ji and Cobourn (2020), who estimates the value created by irrigation districts using

a similar approach. More broadly, our study adds to a growing economic and scientific literature on the

role of water in mitigating and adapting to climate and regional environmental change (e.g. Tack, Barkley

and Hendricks, 2017; Hendricks, 2018; Kala, 2017). Climate-induced heatwaves will continue to threaten our

planet in the foreseeable future, and in such case, access to water will be a crucial factor to mitigate the

impact from extreme heat.

The rest of this paper is organized as follows; Section 2 gives further background on water rights and the

Snake River Basin adjudication. Sections 3 and 4 respectively describe the data and identification strategy.

Section 5 demonstrates that adjudication increases the frequency of water right trading, and Section 6

demonstrates that this reflects a more valuable use of water. Section 7 uses a revealed preference method to

estimate the value created by adjudication. Section 8 concludes.

13Some examples of applications within environmental economics are pollution markets (Stavins, 1995; Gangadharan, 2000),
forestry (Amacher, Koskela and Ollikainen, 2009), or fisheries (Costello, Gaines and Lynham, 2008; Grainger and Costello,
2014).
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2 Background

2.1 What are Water Rights?

A water-right is a legal entitlement to divert and use water from a particular source, typically a lake, river

or aquifer, under certain conditions. Water rights are ‘usufructuary’ rights; they are rights to use rather

than own water. The legal owners of all water in the United States are the individual states, who have the

directive to manage that water for the ‘maximal benefit’ of their citizens.14

In particular, in the western US, surface water use is governed by the legal doctrine of ‘prior appropria-

tion’.15 Historically, under this doctrine, water rights are ‘appropriative’ in the sense that they arise from

exercising water for beneficial use.16,17 The ‘prior appropriation’ doctrine has two key components; first,

individuals who divert water and put it to ‘beneficial use’ gain the right to continue using that water in the

future, so long as they continue to make ‘beneficial use’ of it.18,19 The second component is the ‘priority’

principle; during droughts or times when there is insu!cient water to satisfy all competing demands, the

first users who begin diverting water historically - the so-called ‘senior appropriators’ - have the right to use

water before more ‘junior’ appropriators who began diverting more recently.

The prior appropriation doctrine was created to incentivize investment in irrigation infrastructure during

the westward expansion, such as diversion canals and drainage ditches. It protects the water supply of

individuals, new settlers to those Western states, who invest in those infrastructures by giving them legal

protection against reductions in flow caused by later diversions upstream which might reduce their supply,

stranding the downstream investments. However today, this incentive structure is no longer important

because water rights are completely-allocated in almost all basins thorough-out the western United States.

As a result, prior appropriation instead generates a hierarchy of property rights which determines the order

in which water is rationed during drought. Given this hierarchy, the e!ciency of water allocation under the

prior appropriation doctrine depends on the extent to which water rights matched with the parcels of land

where they are most productive, conditional on the probability that a water right is realized in a particular

14However, Reserved tribal water rights preempt states water rights.
15the prior appropriation doctrine is followed in states west of the 100th meridian running from Texas to North Dakota. In

particular: California, Oregon, Washington, Idaho, Nevada, Montana, Wyoming, Colorado, New Mexico, Utah, Arizona, Texas,
Oklahoma, Nebraska, South Dakota, North Dakota.

16New diversions today in Idaho and most other states do require a permit before they are acknowledged, however historic
rights are typically remain undocumented.

17Whereas under the regulated versions of the ‘riparian’ system in the eastern U.S.A water rights are created and granted
only by regulation.

18Initially the term ‘beneficial use’ was interpreted to include only economically productive uses of diverted water, such as
mining, agriculture or residential consumption. However, over time legal interpretation beneficial use has expanded to recognize
storage, recreation, and environmental preservation as valid ‘beneficial uses’.

19On the other hand, if a user of a water right fails to put its water right to beneficial use in a particular year, then they can
lose that water right due to non-use.
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year.

Legal enforcement of water rights varies by state, but typically if a water rights holder does not have

enough water to satisfy their ‘right’ in a particular year, they can make a ‘call’ - asking upstream ‘junior’ users

to curtail this water use. The water rights holder must make this call directly to the junior users themselves

and come to an agreement, or they place the ‘call’ to the state water department or a local water master who

is in charge of enforcing priority. If upstream ‘junior’ rights do not respond by curtailing their water use, the

‘call’ can be enforced either through the state courts or the state water departments. However, enforcing a

water right through litigation can often be a lengthy process which might not be su!ciently responsive to

the immediate needs of irrigated crops during a growing season. This lack of enforcement leads farmers to

engage in unproductive mitigating behaviour such as choosing to grow less water intensive crops, which may

reduce the value of having a clear-defined system of water rights.

2.2 Why is it Di!cult to Trade Water?

In principle, under the ‘prior appropriation doctrine’ water rights are transferable between parcels of land

and can be changed along with other dimensions such as ownership, nature of use or diversion point.20 In

principle, this could give rise to fungible ‘markets for water’, which would increase the e!ciency of water

use by allowing it to be moved to the parcels of land on which it creates more value. However, the trading

of water rights is thin, a fact typically attributed to transaction costs.

This paper focuses specifically on transaction costs imposed by poorly defined property rights and state

policies for approving trades, because these are the transaction costs which can be mitigated through adjudi-

cation. The state must approve all changes to water rights, and they often have a costly and time-consuming

bureaucratic process to approve such transfers.21 The state will want to verify the water rights before it

permits a trade. This is costly in the absence of adjudication: historical and legal evidence is needed first

on when the water right was first established by diverting water, and second, on the continuous beneficial

use of the water-right since that date. Another key requirement for a water right trade to be approved is

that it does not have adverse e"ects on any third-party. Establishing that there are no third party impacts

from a proposed transaction is often challenging, and especially so when water rights have not been adju-

dicated since there is no systematic documentation of the involved rights, or even who the potential third

parties are. Not only is this true for other water users whose rights are not known, but it also holds true for

20note that agricultural water rights usually are transferred along with the land when a farm is bought or sold. In this paper,
when we refer to water right ‘transfer’,‘trades’ or ‘leases’, we are referring specifically to the case where the matching of a water
right to the parcel of land it is used on changes.

21Even across ‘prior appropriation’ states there is significant heterogeneity in the laws, Szeptycki et al. (2015) gives a state-
by-state review of water transfer and the degree to which they facilitate water markets. Some ditch companies and irrigation
districts impose transfer restrictions water right transfers. Ghimire and Gri"n (2014). In California some counties impose
restrictions on transfers outside of the county Hanak (2003).
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environmental flows which might not be quantified prior to adjudication.

We should note here that there are also other transaction costs in the water market that might not be

a"ected by adjudication. For example, there is the cost of matching buyers with sellers, which typically

happens via word of mouth networks, private brokers of water rights, or within irrigation institutions (Ji and

Cobourn, 2018). As a result, there is the potential for the presence of information asymmetry. There are

also physical transaction costs, such as conveyance losses when transferring water from one place to another.

As a result of these costs, it might still be impossible to reach an ‘optimal allocation’ even when property

rights are well defined.

2.3 What is a General Basin Adjudication?

In a general basin adjudication, every claim to water use within a watershed is verified, the independence of

each water right determined and, a hierarchy of water rights established in a binding legal manner. When

general basin adjudication became popular in the 1970’s, it was thought that paying a one-time upfront cost

to determine all water rights within a basin would be cheaper and easier than repeatedly resolving water

right disputes on an ad-hoc basis, which were becoming increasingly common. A general basin adjudication

involves the following steps: first, the state creates a water court and appoints a judge responsible for

overseeing the adjudication; second, all water users are expected to submit their claimed water rights and

supporting evidence to the court; third, the court audits all claims and determines each individuals water

right, including the quantity and nature of the water rights and the priority order with which their water is

rationed during drought.

Aside from the Snake River Basin adjudication described in this paper, several other large adjudications

have taken place or have completed in the western USA. In Texas, the 1971 Rio Grande Basin adjudication

was one the first recent large-scale adjudications to be completed (Debaere and Li, 2020). The Kalmath

in Oregon, the Big Horn in Wyoming, and the Yakima in Washington are other notable examples, along

with many smaller adjudications across all prior appropriation states. Adjudications focusing solely on

groundwater basins are also common (Ayres, Edwards and Libecap, 2018; Ayres, Meng and Plantinga,

2019).

2.4 How did Adjudication Make it Easier to Trade Water?

Adjudication could increase the e!ciency of water use in the Snake River Basin for several reasons. First, as

a result of universal documentation of water rights, owners do not need to prove the validity of their claims

to the State before they could trade them. This reduces the burden of trying to demonstrate continuous use
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of a particular water resource since the claimed first date of appropriation. Documentation also reduces the

risk that the State rejects the legitimacy of their right, which would both deny their ability to trade now

and also jeopardize the future validity of their right.

Second, during adjudication Idaho streamlined the process by which they approve transfers of water

rights. For example, the burden of proof was previously on water right owners to demonstrate there were

no adverse third party impacts before trading of water rights could occur. However, today in Idaho, The

Idaho Department of Water Resources (IDWR) - who are now responsible for administering these right -

can simulate proposed water right transfers through their State-sanctioned hydrological models to determine

if there were any third party impacts. If they find there are adverse impacts to third parties, then these

parties can be directly notified. Prior to adjudication there was a requirement that any proposed water right

transfer had to be advertised in the local newspaper for 2 weeks before it could be approved. IDWR did

not remove this requirement after adjudication; however, it is no longer the main primary way information

is shared.

Thirdly, the litigation involved in the adjudication process led to the development of a substantial body of

case law which clarifies the functioning of water rights, institutions which manage rationing during droughts,

the condition under which water rights can be transferred and when they are approved.

Fourthly, adjudication led to the development of a more formal process for ensuring the prompt enforce-

ment of water rights. The State took a more active role, appointing local water masters who were responsible

for management of water rights within specific sub-basin. Idaho changed how they issued water calls - orders

for upstream junior users to - using hydrological models to determine which users should curtail their water

use. They also began using remotely sensed data on evapotranspiration to determine when curtailment

orders were being violated.

Finally, adjudication brought surface water and groundwater management together under a system of

‘conjunctive management’ (Cobourn, 2015). This meant that both types of rights were managed under the

same system of priority. If groundwater users cause reduction in flows to senior surface water rights, the

state can order groundwater users to develop a plan to mitigate these impacts.22 This arrangement also

opened up the possibility of trading water between groundwater and surface water users, an option that did

not exist previously.

2.5 A Brief History of the Snake River Basin Adjudication

Idaho is a largely rural state with an economy dominated by agriculture, and agriculture constitutes an even

larger share of water consumption comparing to other western states (85% compared to 80% in California,

22In Idaho, groundwater users were established after the 1950s and are thus almost always junior to surface water users.
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Colorado or Utah). Consequently, the value of water in Idaho is not set by the opportunity cost of water use

in a growing urban sector as is the case in California and Colorado.23 Geographically, 85% of Idaho’s land

area and 90% of it’s water supply lie within a single watershed: the Snake River Basin. Alongside with the

upper Snake River aquifer, Idaho’s major groundwater fed agricultural region, the watershed forms a fertile

crescent across the southern third of Idaho.

The origins of the basin’s adjudication lie in the reduction in surface water flows in the lower Snake

River as a result of groundwater pumping on the Upper Snake Plain.24 During the 1950s, newly available

groundwater technology enabled water to be pumped out of the Upper Snake Plain aquifer; this led to

a dramatic expansion of agricultural activity in the area. The expansion of agricultural activity reduced

groundwater seepage downstream back into the snake river, which in turn reduced flows to downstream

hydro-electric generators at Hell’s Canyon owned by public utility Idaho Power. The utility’s surface water

rights were senior to upstream groundwater users since they arrived and began pumping water earlier. In

1977, a ratepayers interest group successfully sued Idaho Power arguing it had failed to protect the public

interest by not enforcing its senior water rights against upstream groundwater users with junior rights. In a

1983 case, the Idaho Supreme Court found that Idaho Power had not lost it’s water rights under the legal

doctrine of non-use, and therefore, that it had a public duty to protect it’s water rights in future years. As

a result, Idaho Power was forced to file curtailment notices against every upstream groundwater user in the

State, including over 7,500 farmers.

These curtailment notices were obviously politically unpopular, and highlighted the inadequacies of

Idaho’s water right management as this case would involve almost every water user in the middle and

upper snake river, many of whom had not had their water rights documented by the state. A political

solution was found in 1987 when the state settled the Swan Falls case; paying to buy out some of the Idaho

Power’s rights and also requiring that the entire Snake River Basin be adjudicated to ensure that a similar

conflict would not happen again.

Over the subsequent 27 years, the State of Idaho would build a large bureaucracy to undertake the most

complex water right adjudication every undertaken in the United States. Because of a limited bureaucratic

capacity to process water right claims, the adjudication was broken up into 35 sub-basins. Three teams

based out of 3 regional field o!ces in Boise, Idaho Falls and Twin Falls would each adjudicate one basin at a

time in their local area. This di"erences in the timing of adjudication in otherwise nearby similar sub-basins

is what forms the basis of the identification strategy in this paper.

23Idaho law firm and water broker WestWater Research LLC. argues this is the case in their market reports (WestWater
Research Inc, 2015).

24Stapilus and The Idaho State Bar Water Law Section (2014) gives a very detailed background how the SRBA was organized.
Vonde et al. (2016) discusses all of the legal issues that arose from adjudication.
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Idaho began collecting the first water rights claims in 1988 in 3 test basins as part of the adjudication

process. In 1992, the directors released reports containing their preliminary findings and recommendations

were released for these first 3 test basins, and the teams moved onto the next set of basins. These preliminary

findings were subject to multiple legal challenges which held up the adjudication process for several years

as it worked through Idaho’s court system. As a result, the first irrigation water rights were not o!cially

decreed until 1999.25 After a basin is adjudicated, the judge issues a ‘partial-decree’ announcing the water

rights in that basin, and these water rights are legally binding as of the date of the decree.26,27 Almost all

irrigation rights within Idaho were decreed between 1999 and 2012. The final unified decree of all water

rights in the Snake River Basin was made in August 2014.28

3 Data

This section describes the di"erent data sources used in this paper. This information is also summarized

in Appendix Table A1. The analysis focuses primarily on the agricultural sector for two reasons: first,

agriculture accounts for the majority of both Idaho’s consumptive water use (85%) and water right trading

(87% of transfers are between agricultural users). Secondly, individual level outcomes are easily observed

within agriculture, both on how water is used (from crop classification and evapotranspiraiton data), and

the likely productivity of water use (from soil and climate characteristics). We construct a ‘land parcel by

year’ data panel by merging the soil and climate characteristics of each parcel with the water rights attached

to each parcel, and each parcel’s annual measured evapotranspiration and crop classification. The dataset

contains the universe of parcels that are ever associated with a water right for the duration of the panel

(from 1990 to 2016).29 We also construct a more aggregate panel of ‘county by year’ data, which we use to

assess the impact of adjudication on land value. 30

25Issues included litigation over the constitutionality of adjudication, the conditions under which a water right is forfeited due
to non-use, the meaning of Idaho water rights ensuring water use in ‘public trust’, How water connections should be determined
within the Snake River Basin and how federal and indian rights should be quantified.

26This was explicit determined in a supreme court ruling prior to the first partial-decree and appears in the text of the final
decree.

27However many smaller ‘de minimis’ domestic and stock-water rights were decreed much earlier than this. The vast majority
of the water right decrees which will make up the empirical analysis in this paper occurred between 1999 and 2013.

28Idaho has two regions outside of the Snake River Basin, although they constitute a small share of the state’s water resources;
Idaho’s northern panhandle and the Bear River Basin near Utah. Adjudication of the Northern Idaho Basins began in 2008
and is ongoing, with the first preliminary directors reports issued in 2014. The adjudication of the Bear River is expected to
begin in 2017 after the conclusion of the northern Idaho adjudications.

29Potentially irrigable lands which have never been associated with a water right are omitted from the data, if anything this
would lead to an understatement of the returns to adjudication.

30Some outcome variables in the panel are incomplete due to di!erences in data availability across data-sets. The second
panel in Figure 3 highlights which data sources are available in which years as adjudication progresses. Because data availability
is di!ers across outcome variables, the identifying variation also di!ers across di!erent estimates.
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3.1 Water Right Data

Of the 162,000 water rights, 92% (139,000) lie within the Snake River Basin, which becomes adjudicated

during the period of the data. Water rights classified for agricultural water use make up 27% of rights

by number (44,500) but 85% of volume.31 Although a minority in number, agricultural rights account

for the majority of consumptive water use in Idaho. The vast majority of the remaining rights (104,000)

rights are too small to be actively managed by IDWR, where they are used for either filling stock water

ponds or domestic water supply. The rest of these water rights either allow reservoir storage for later use

(4,500 rights),32 or have a variety of other large water uses such as municipal, commercial, power generation

recreation, environmental uses (4,500 rights) .

We also observe every application made to the Idaho Department of Water Resources (IDWR) to modify

a water right, and whether that application was approved between 1999 and 2016.33,34 Although water

rights can be modified in a number of ways,35 in this paper we restrict the definition of water right trades or

transfers to only include approved applications that change the place of use of a water right from one parcel

of land to another. This allows us to follow water as trades move it between parcels, and to ask whether

adjudication leads water rights became more frequently matched to more productive parcels of land.36

Table 1 contains summary statistics for the water rights in the dataset. A number of takeaways can be

drawn from the table. The distribution of the volume of water rights is right skewed. There is a very small

number of water rights account for a large share of the volume of water. This is true both between water

uses and within irrigation water rights. 42% of irrigation rights have a groundwater source, however a much

larger share of water right transfers involve irrigation water rights. On average, a water right irrigates around

191 acres of land, while traded water rights tend to be far larger than average. Finally, approximately 18%

of irrigation water rights are ever traded.

31Most water rights do not explicit specify their volume, so the volume of the right is instead estimated by multiplying the
permitted flow rate of the water right by the length of the irrigation season.

32Depending on whether the reservoir was build by the US Bureau of Reclamation (USBR) or the Army Corps of Engineers,
the management of water might either be in the hands of the federal government or a local water master, typically these
institutions manage this local water use.

33Applications and approvals exist prior to these dates, and that data would in theory strength our analysis. However, IDWR
had not yet digitized their records prior to this date.

34Although we observe when transactions take place and how they move water, we do not observe prices paid.
35Water rights can be modified in 5 ways: 1) change of place of use, 2) change of owner, 3) change / add point of diversion,

4) change of nature of use 5) change period of use.
36We do not count changes in the ownership of water rights that result from sale of the underlying land. I also do include

applications to move water rights from one parcel of land to another even if the owner of the water right does not change.
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3.2 Crop Data Layer

To infer what crops are being grown on irrigated lands, we use data from USDA’s Cropland Data Layer

(CDL) dataset.37 This dataset is generated from Landsat satellite data, which classifies patterns of land use,

particularly among agricultural crops. The CDL dataset is measured at a 30x30m resolution throughout

the United States. In Idaho, complete CDL data is available between the years 2007 and 2015.38 By

geographically matching each water right with the crop data layer, we identify land within each parcel

allocated to six major crops of the region: alfalfa, barley, corn, potato, sugarbeet and wheat, any other

crops, fallow, and pasture land. Non-agricultural land uses are removed from the sample.

Table 2 contains summary statistics for the largest agricultural land uses in by acreage. These can

conceptually be broken down in three groups: 1) high-value, water-intensive crops, such as potatoes, corn,

sugarbeet, and a number of smaller specialty crops. 2) medium-value crops, which are either more drought-

resistant (wheat and barley) or flexible in their water requirements (alfalfa). 3) a significant amount low

value uses, such as growing pasture and fallowed land. The first row of Table 2 shows the total acreage in

agricultural sector in 2007 as calculated from the CDL. Almost half the acreage is in pasture. Medium value

crops (alfalfa, wheat and barley) together constitute another 33.7%, while high value crops only make up

12.8% of cropland. The second row shows the market value of each di"erent crop. This is calculated from

USDA’s quick-stat database, and shows the average price received for each crop from the USDA’s quick-stat

database in 2007. Low value uses are worth less than $300 per acre. Medium are worth between $300-$600

per acre. High value uses are worth greater than $1000 per acre. However, these prices cannot be interpreted

as the marginal product of water on a given piece of land because these values do not reflect the costs paid

for other unobserved inputs into production. If this were the case we would expect to see almost the entire

state in planted in the highest value crops, either potatoes or specialty crops such as hops. However, because

of the unobserved factors in production, when estimating the value created by adjudication we will rely on

a revealed preference approach rather than on market prices.

3.3 Metric Evapotranspiration Data

We use evapotranspiration (ET) data data from the METRIC dataset to estimate how patterns of water use

change after adjudication. METRIC was developed in partnership with IDWR by Allen, Tasumi and Trezza

(2007) as a tool to help the state manage Idaho’s water. Metric uses surface energy balance algorithm to

estimate the mass is lost to evaporation over every parcel of land. The data is calibrated to a series of ground

37Available at: https://nassgeodata.gmu.edu/CropScape/
38In 2005 only partial data is available but this data covers all of the major agricultural areas in the Snake River Basin.
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based meters to ensure accuracy. Developed in Idaho, the tool has since been applied to many other regions.

METRIC data is considered su!ciently credible that it has been use by IDWR for many administrative

applications. For example, in 2009 Idaho courts accepted METRIC data in a ”legal finding of fact” that

A&B irrigation district had been illegally using water after a call had been made, requiring them to curtail

their use. A finding which subsequently upheld in the Idaho supreme court. METRIC data was also used to

calibrate the aquifer models which quantify relations between surface and groundwater in the Upper Snake

Plain Aquifer.

The third row of Table 2 calculates the average ET for each crop. This is calculated by matching

METRIC data with the CDL data and shows the average levels of evapotranspiration for each crop. We see

a significant di"erence in the rate of ET observed between pasture (2.7 mm/day) and the other crops (from

3.4 to 4.4 mm/day). However, the di"erence in ET rates within medium to high value crops is much smaller

(1-2mm per day).39

3.4 Soil and Climate Data

Soil data is obtained from the SSURGO database, a soil database developed by USDA-NRCS. We also

include common soil quality indicators in our model such as irrigated and non-irrigated soil capacity class,

percent of clay, percent of slopes, and k-factor. 40

Weather data is obtained from the PRISM climate dataset developed by Oregon State University, which

provide small-scale climate maps and estimates. From this dataset we get daily estimates of precipitation

and temperature at a high resolution for all years in our sample.

4 Identification

The main empirical goal of this paper is to estimate the impacts of water rights adjudication on various

economic outcomes. We identify these e"ects by leveraing the di"erences in the timing of adjudication

between sub-basins within the Snake River Basin. Figure 2 highlights this variation in repeated maps, each

showing the share of each sub-basin adjudicated at di"erent points of time.

Our goal is to estimate the impact (!) of a change in adjudication status (Post Adjudicationi,t) in parcel

i at time t on some outcome of interest, yi,t. This outcome might be whether or not a water right is

traded, whether or not a farmer is growing a particular crop, or measured rates of evapotranspiration. In the

39Notably, scientific crop studies, such as Allen and Robison (2007), often find larger ET di!erences between these crops in
Idaho than what we have measured here.

40SSURGO also contains a much larger set of interesting variables related to soil quality. But unfortunately many of these
have highly incomplete coverage in our study area, and so we have to omit them from the analysis.
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baseline specification, we estimate this in a panel structure using both fixed e"ects for each parcel of land

"water right and fixed e"ects for each year of time "year. In this specification, the impacts of adjudication is

learned by comparing the relative changes in outcomes between parcels that changed in adjudication status

from unadjudicated (Post Adjudicationi,t = 0) to adjudicated (Post Adjudicationi,t = 1), with changes in

otherwise similar parcels whose adjudication status did not change at that time. In this case, the regression

equation will be:

yi,t = !Post Adjudicationi,t + "year + "water right + #it

In some specifications, we replace either the individual or year fixed e"ects with observable characteristics

of individual water rights rather than fixed e"ects Xwater right, i.e.,

yit = !Post Adjudicationit +Xwater right$
1 + "sub basin + "year + #it

In these regressions, identification comes from relative changes over time in the rate at which water rights

are traded between water rights that get adjudicated relatively sooner, and those that adjudicated relatively

later.

A su!cient, but not necessary condition for these regressions to produce an unbiased estimates is for

the timing of adjudication to be as-though it was randomly assigned. To test if this is indeed the case, we

first break the water rights into four groups based on the order in which they were adjudicated and plot

the average characteristics of each group (presented in Table A2). There are indeed large di"erences in

observable characteristics between groups. However, these di"erences do not appear to have a discernible

trend from early or late adjudication. More importantly, the levels of these di"erences are not important for

identification, as identification in a panel setting relies on an assumption of parallel trends. If the parallel

trends assumption holds, then the order in which basins were adjudicated is unimportant, and we do not

need to worry about weather there was selection into the order that basins were adjudicated. However,

if the parallel trends assumption is violated, then selection on the timing of adjudication will bias our

estimated average treatment e"ect and the direction of this bias will depend on how that selection occurred.

For example, IDWR intentionally selected the first three basins to be adjudicated for their complex legal

disputes; the state reasoned that by adjudicating the most challenging cases first, they could develop the

case law necessary to allow the remainder of the adjudication to proceed quickly. If we believed the presence

of these complex disputes implies that water right trading in the first three sub-basins would have grown

at a faster than in sub-basins in the rest of the state, then we would conclude that including the first three

basins would lead us to overestimate our treatment e"ects.
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In Figure 4, we test the parallel trends assumption using data on evapotranspiration and cropping pat-

terns. For evapotranspiration rates, we have individual level pre-adjudication data in the years 1985, 86, 92

and 96. Parcels are sorted into four groups based on the adjudication date of individual water rights and

then plot the trends in evapotranspiration rates. For cropping data, we have a longer series of annual data,

but this data is only at the county level. These counties are sorted into four groups based on the median

adjudication date of water rights within that county, and then we plot the market shares for the five largest

crops. The trends in these figures provide suggestive evidence in favor of the parallel trends assumption. In

principle, a similar test could assess whether the parallel trend assumption holds in the frequency of water

trading; but unfortunately, we only observe trading data after 1999, making such a test impossible.41 To

further allay the fear, we also estimate a specification on the rate of water right trading omitting the first

three adjudicated basins, and the results are identical.

For the remainder of the basins, the order of adjudication was arbitrary: IDWR split the remaining

sub-basins into three contiguous groups, and assigned three teams each based out of a regional IDWR o!ce

to collect adjudication claims sequentially sub-basin by sub-basin.42There is also some heterogeneity in the

timing of adjudication within basins, as basins with disputed water rights might take longer to reach a final

decree than those that are not. This could bias the results: if the rate at which disputed water rights trade

would have grown faster than those not disputed, then we would underestimate the treatment e"ect. To

address this concern, one of our specifications estimates the impact of adjudication using the earliest release

date of the preliminary sub-basin reports as the treatment date, and we find the same results as in the other

specifications.

5 Impact of Adjudication on Trading

This section presents the primary piece of evidence in this study, that adjudication reduces transaction costs.

We estimate the impact that a sub-basin becoming adjudicated has on the rate at which water rights are

traded within that sub-basin. We show that after adjudication, the probability that a water right is traded in

a particular year increases by one percentage point. Figure 5 shows an event study figure of the coe!cients

from an OLS regression, where the left-hand side is a binary variable that indicates whether a water right

was traded in a particular year, and the right-hand side is a set of binary variables representing the number

of years before or after the right was formally adjudicated by a court. The regression also controls for

time-specific e"ects with year dummies, and for di"erences in the propensity of di"erent farms to buy or

41Trading and trading data does exist before this date. However it has not been digitized, and we have been unable to obtain
copies from IDWR.

42Anecdotally, this appears to be the case based on the oral history of Stapilus and The Idaho State Bar Water Law Section
(2014).
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sell water rights with farm-specific fixed e"ects. We restrict the sample to the years in which we observe

whether water rights are traded for at least six years before and after adjudication. The standard errors are

clustering two ways at the adjudication sub-basin and year levels. This conservative approach accounts for

the fact that our identifying instrument (adjudications by the state) varies on a basin-by-basin basis and for

the fact that there might be common factors a"ecting the productivity of farms within each basin or each

year.

The takeaway from Figure 5 is that water rights are traded at a persistently higher rate after adjudica-

tion compared to baseline before. This result is consistent with the hypothesis that adjudication reducing

transaction costs. The estimated change in the coe!cients $ post-adjudication compared to before is around

0.01. Interpreting this as a linear probability implies that a water right is about 1% more likely to be traded

in years post-adjudication.43 Although the standard error bands overlap in this figure, the change in level

after adjudication is statistically significant when year dummies are pooled into a post-adjudication dummy

as we see below.

Table 3 presents six di"erent specifications for regressions estimating the impact of adjudication on water

right trading.44 Each column estimates the specification on one of the three sub-samples of our data: 1) All

water rights in Idaho, 2) All irrigation water rights in Idaho, and 3) The subset of water rights for which

we have matching evapotranspiration data. This third sub-sample is included to match the cross-section of

rights used in the later analysis of evapotranspiration data and crop choice. Our results are consistent across

the three sub-samples, and the numbers interpreted in the passage below are from the second column, which

includes all irrigation rights.

Specification 1 is our preferred specification, a standard panel regression with individual and time specific

fixed e"ects. The estimated coe!cient of 0.010 (s.e 0.003), consistent with the Figure 5 discussed above.

Given our preferred estimate of $ = 0.01, this would imply that the rate at which water rights are traded

increases by 140%, from a baseline of 0.7% of all water rights being traded each year to 1.7% of all water

rights. This estimate implies 443 additional water right transfers each year among agricultural users as a

result of adjudication. Although only a small percentage of water rights change hands every year, over time

this compounds such that 18% of water rights are traded between 1999 and 2016.

Specification 2 addresses a concern that time specific fixed e"ects might be too conservative. In particular,

specification 1 does not capture aspects the adjudication process which a"ects all water rights holders

simultaneously outside of basin-specific adjudications. For example, during adjudication the supreme court

43The linear probability interpretation can be theoretically problematic (for example it might predict negative probabilities).
However, these results are robust to employing a logit specification. Later in the paper, we use logistic regression on crop choice
to avoid similar problems.

44Appendix Figure A1 reproduces the event study Table 5 for each of the alternative specifications and samples discussed
below.
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made a number of significant decisions which developed substantial case law about how water rights should

operate.45 IDWR also made significant changes in the process of water right transfers which a"ected all

basins simultaneously. Arguably, these e"ects reflect as much of the benefits of adjudication as the impact

when a particular basin’s rights were signed o" as adjudicated. However, in Specification 1 these e"ects will

be absorbed in year specific fixed e"ects rather than the estimated coe!cient on adjudication. Specification

2 corrects by replacing basin specific fixed e"ects with a cubic polynomial time trend in calendar year and

series controls for crop prices and weather realizations. This specification results in substantially larger

estimates - 1.3% vs. 1.0% - suggesting that up to up to a quarter of the estimated impact of adjudication

could be coming from these simultaneous e"ects of the policy.

Specification 3 addresses a concern that individual specific fixed e"ects might throw out too much infor-

mation. The probability that a water right is traded in a particular year is low, and most water rights are

never traded. As a result, most of the fixed e"ects in our estimate will be equal to zero, significantly narrow-

ing the identifying variation. This specification addresses this concern by replacing individual-specific fixed

e"ects with basin-specific fixed e"ects, while adding controls for parcel-level soil and climatic characteristics

to control for within basin heterogeneities. The estimates are e"ectively the same as specification 1.

Specifications 4 and 5 address a concern that the relevant unit of observation in this exercise is not the

individual water right, but rather the volume of water traded or the acres of land that traded water irrigates.

These specifications re-estimate specification 1, with each observation weighted by its volume or irrigated

acreage. Because the distribution of water right volumes and acreage is strongly left-skewed, these estimates

have much larger standard errors, and consequently are not statistically significant in some specifications.

However, the estimate treatment e"ects are larger than estimated in the first specification (0.05 vs 0.01) and

consistent with our previous results. The larger point estimates might reflect that if transaction costs are

fixed per transaction and don’t vary with volume, then it is easier for holders of relatively larger water rights

to overcome this fixed cost since they will face a smaller fixed cost per unit volume.

Specification 6 addresses a concern that the ’treatment date’ might be incorrectly specified. In Figure 5,

it appears that half the treatment e"ect occurs at the year before adjudication t = !1 rather than the year

of adjudication t = 0. This might occur because during adjudication, water courts released their preliminary

sub-basin report - which detailed proposed allocations of water rights - approximately a year before the final

allocations are o!cially decreed by a judge as having been ‘adjudicated’. Although some water users disputed

the results of the preliminary adjudication, the vast majority of preliminary findings are not disputed and

45Vonde et al. (2016) has an extensive discussion of all of the basin-wide Idaho court rulings relating to the Snake River Basin
Adjudication which developed substantial case law about how water was to be managed a!ecting all water users simultaneously.
Issues included: what volume of rights can be transferred, when adversely a!ected third-parties can object to a transfer, the
conditions under which a right is forfeited for non-use and whether private parties can own in-stream water rights, how storage
is administered and many other things.
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were eventually confirmed as water rights. If the preliminary report resolved the uncertainty around the

vast majority of water rights, and this is the mechanism which increases trading, then we might expect the

jump in transfers to occur in t = !1 rather than at t = 0. Specification 6 replaces the ‘adjudication date’,

which appears on each water right, with the date on which the preliminary basin report was released in each

basin. Although the pooled estimates are somewhat smaller under this approach (0.006 vs. 0.01), reflecting

the fact there are more unadjudicated rights in the post-period, the results are again consistent with our

previous findings.

Finally, one last concern could be that there is manipulation in the rate of trade around the treatment

date. Because adjudication is long anticipated, irrigators may choose to defer their planned water right

trades until after adjudication has taken place. If this were to happen, we would expect to observe that 1)

there is an initial spike in the rate at which water rights are traded immediately after adjudication, and 2)

this spike subsequently dies down, and the rate at which water rights are traded returns to the previous level

before adjudication. Because of the limited length of the panel, it is di!cult to address this concern. One

approach is to limit our sample to the years where there are at least ten years of post-adjudication data and

reproduce the event study plot, presented in Figure A2. Although the estimates are noisy, we see neither

a spike immediately after adjudication nor a subsequent die down for the rate of trades. This alleviates

the concern that our results are driven by water rights holders waiting and trading after the completion of

adjudication.

6 Impact of Trading on Farm Outcomes

In the previous section we documented that after adjudication, water rights are traded at an increased rate.

This section shows that these water right transfers are associated with more productive use of water. In

particular, we show that: 1) transfers move water rights to parcels of land with on average more productive

soil and climate characteristics, 2) parcels of land which bought water rights observe increased evapotranspi-

ration after adjudication, and 3) both after adjudication generally, and after water right transfers specifically,

cropping patterns change towards increased acreage and higher value crops. These findings demonstrate that

adjudication is not just a ‘paper phenomenon’, only generating work for lawyers and that transfers occur

only on paper, but instead that it had real-world e"ects on the decisions farmers and irrigation districts

make, which are reflected in actual changes in water use.
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6.1 Water Right Buyers have More Productive Land

Table 4 shows the average di"erences in parcel characteristics between buyers and sellers of water rights.

Transfers of water rights typically move water within the same basin, and over relatively short distances -

the average distance between the parcels of the seller and the buyer is only 8 miles.46 Yet, the fact that we

are still able to find statistically significant di"erences suggests that the process of water right transfers is

systematically moving water to pieces of land where it will be more productive. Specifically, the buyers of

water rights own parcels of land which are warmer and have higher average precipitation. They have a lower

elevation, implying that on average water rights move water downstream.47 Buyers of water rights have a

higher k-factor (and so are more resistant to erosion) and a higher clay percentage. The land is flatter and

has more frost-free days. All these di"erences point to higher marginal productivity for the underlying land

parcel.

The bottom three rows of Table 4 use USGS estimates of the agricultural potential of each parcel of land

for a given crop under both irrigated and non-irrigated agriculture. We merge this data with the average price

of di"erent crops in the base year (2000) to estimate the average expected per acre revenue for each parcel of

land. Under this measure, the parcels of land who buy water rights are $34 per acre more productive when

irrigated. Buyers and sellers land are equally productive when not irrigated. This is suggestive evidence that

transactions are moving water from parcels of land with comparative advantage in non-irrigated agriculture

to parcels of land with comparative advantage in irrigated agriculture.48

6.2 Impact of Adjudication and Trading on Evapotranspiration Rates

Table 5 shows the impact of adjudication and water right transfers on patterns of satellite evapotranspira-

tion.49 Specifications (1) and (3) are regressions of post-adjudication dummies on evapotranspiration rates,

using a similar empirical framework to Table 3. The estimates are not statistically significant, indicating no

change in total water use after adjudication. This is expected because water rights were already exhaustively

allocated before adjudication, and adjudication neither create nor consume additional water.

Specifications (2) and (4) show the impact that individuals buying or selling water rights has on measured

evapotranspiration rates on that farmer’s land. We estimate a ‘within’ linear regression on ‘post-buying’

and ‘post-selling’ dummies for buyers and sellers of water rights respectively. The estimates in specification

46Transfer between neighbours does reduce the likelihood of third party objection comparing to longer distance, or even
inter-basin transfers as fewer third parties are a!ected.

47Unlike upstream transfers, downstream transfers will not reduce in-stream flow between the buyer and seller, making
third-party objections less likely.

48Of course, just because water moves to parcels with more productive characteristics does not necessarily mean water is
more productively used.

49The estimates we find are quite noisy, perhaps reflecting significant spatial smoothing which might go into the construction
of the evapotranspiration data.
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(2) are small and not statistically significant, implying that we do not have enough variation. We do find

statistically significant evidence in specification (4), consistent with buyers of water rights using moderately

more water after adjudication and sellers using less. The standard errors are su!ciently small to rule out

massive changes to cropping patterns after adjudication. In other words, these estimates are inconsistent with

all buyers of water rights converting their entire parcels from low-value pasture or fallow land before buying

rights to medium-high value crops after, because this would require an average increase evapotranspiration

rates of between 1 to 3 mm/day. The reverse change can also be ruled out for sellers of water rights. That

said, these estimates are consistent with farmers making marginal changes in the share of land allocated to

pasture vs. crops, or in substitutions between di"erent high and medium value crops after adjudication. For

example, these estimates would be consistent with buyers of water rights substituting up to 10% of their

acreage from pasture to higher value crops - a result in the next section.50

The second panel of Table 5 multiplies through the estimated treatment e"ects by the volumes of the

water rights associated with each parcel. The total volumes traded per year are relatively small in these

estimates. One way to assess the magnitude of these estimates is to compare them to the total volume of

water rights transferred. The total volume of water rights involved in trades is approximately 1,461,000 AF

/ yr sold.51,52 This number is larger than the evapotranspiration estimates. However, if we assume 90%

return flow and 50% irrigation e!ciency, then these estimates are consistent with the total paper value from

water market transactions.

6.3 Impact of Adjudication and Trading on Crop Choice

This sub-section describes the impact adjudication and trading has on the acreage shares of di"erent crops.

We estimate a panel linear regression model for each of the 8 crop groups to estimate the impact of adjudi-

cation on crop shares:

Sharecropi,t = !Post Adjudicationi,t + "i + "t + #i,t

The results are presented in the first panel of Table 6. After adjudication, we see that there is a substitu-

tion away about 2.9% of land away from pasture. This suggests that the share of all higher value-added crops

must have increased by 2.9%.53 The point estimates indicate a modest increase in the acreage of alfalfa,

50In theory, our result is also consistent with farmers adjusting on the intensive margin: applying extra irrigation on the same
crop to achieve higher yield. That is not likely the driving factor since deficit irrigation is relatively uncommon in this area.

51Slightly less - 1,389,000 AF / yr are bought because of mitigation requirements.
52Some imputations and assumptions go into making this estimate: when the volume of water transferred is not recorded it

is inferred by multiplying through the flow rate of the water right by the duration of the irrigation season.
53Although the shares in these regressions add up to one, because of the linear structure and separate regressions, the

treatment e!ects do not necessarily add up.
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wheat, barley, potatoes and corn, which is o"set by a decrease in pasture acreage, we do not have the power

to claim these increases are statistically significant, except for potatoes.

Panel 2 of Table 6 estimates how the shares of di"erent crops change after adjudication by estimating

the following regression:

Sharecropi,t = !buyPost-Buys WaterRighti,t + !sellPost-Sells WaterRighti,t + "i + "t + #i,t

where Post-Buys WaterRighti,t and Post-Sells WaterRighti,t are dummy variables that become true after a

parcel of land either buys or sells a water right that was attached to it. The estimates show that both buyers

and sellers of water rights reduce their acreage of pasture after adjudication. However, buyers of water rights

have a larger reduction in pasture area which is o"set by increases in wheat and potatoes acreage. Buyers

of water rights have a smaller reduction in pasture acreage, and is o"set partially by fallowing land and by

increases in cropland acreage.

These tables suggest that the primary margin of substitution after both adjudication and trading is on

the extensive margin change in land use from pasture into cropland for the buyers, and from pasture to fallow

for the sellers. We do not have enough statistical power to detect an intensive margin e"ect, i.e., switching

between di"erent varieties of crops.54 Since we do not appear to have the statistical power to detect large

changes in relatively small crop shares, we simplify the analysis in the next section by estimating these land

use changes as a binary choice between pasture and fallow versus crops rather than a choice between the

many di"erent crops farmers choose.

7 Estimating Value Created by Adjudication

The evidence in previous sections suggests that adjudication created significant value through increased

trading and expanded acreage. However, this does not necessarily imply that the benefits of adjudication

outweigh the considerable investment of over $94 million that the state of Idaho made in the adjudication

process. This section answers this question by using a novel revealed preference approach to estimate the

value generated by adjudication.

7.1 Revealed Preference Framework

When farmers make decisions about which crops to plant, they consider the relative productivity of the

di"erent crops under the prevailing system of property rights, and the di"erent input and output prices

54This is a slightly di!erent result to other parts of the literature, for example, Debaere and Li (2020); Cobourn et al. (2017).
This is consistent with the findings of Hornbeck and Keskin (2015) in the short run, but not in the long-run.
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for producing each crop. Using a logit framework, the choice of crops planted by farmers reveals their

preferences, or ‘average utilities’, for each crop, and changes in cropping patterns after adjudication reveal

how adjudication changes these ‘average utilities.’ However, ‘utility’ is only identified in relative terms

between crops; to obtain monetary estimates of the value-added from growing a particular crop, we need

to normalize utility by a demand elasticity with respect to some exogenously varying price. Then, we can

estimate the value created post-adjudication by adding up the changes in the expected maximum value of

crop choices across all individuals.

We estimate this model in a panel framework with group and year fixed e"ects. As a result, to identify a

price elasticity, the candidate price needs to vary in a panel manner - by having relative changes over time

across individuals between crops, and it vary in a plausibly exogenous manner.55 Crop insurance is thus an

excellent candidate. Crop insurance prices are federally regulated and set by an algorithm which is known

and transparently understood. There is panel variation in crop prices: baseline crop insurance prices are set

at the county level, with further adjustments made for individual soil characteristics. The setting of prices is

designed to be actuarially fair conditional on the empirical distribution of past crop losses. As a result, the

price of insurance varies exogenously with the realization of past weather shocks. This variation is what we

use to identify the impact of changes in insurance prices, while using year and sub-basin and county fixed

e"ects to partial out other confounding e"ects.

Suppose the value %c
i,t to a farmer i residing in county b at time t of growing a particular crop c on a piece

of soil with characteristics Xi and facing a price of crop insurance pb,t is given by the production function:

%c
i,t = !c " PostAdjui,t + &" InsPriceci,t +Xi$ + "t + "b + #ci,t

In this framework, adjudication changes the relative profitability of each crop !c. The coe!cient & is

the demand response to the crop specific insurance price. Assuming that adjudication does not change the

profitability of the outside option - pasture in this application - we can estimate the change in the profitability

of any particular crop by computing !!c/&.56 The advantage of this approach over alternative methods,

which calculate the value added by computing the expected revenue of each acre of cropland (perhaps by

multiplying acreage times average yield times crop price), is that farmer’s choices implicitly account for all

unobserved input quantities and input costs (monetary and otherwise) and other factors that might influence

the relative profitability of di"erent crops, but are unobserved by the econometrician.

55This rules out all variations in prices which are purely cross-sectional - such as travel time. It also rules out purely time
series price variation - such as commodity prices.

56since 23% of pasture is irrigated, and it might be expected that adjudication increased the profitability of irrigated pasture
by allowing more e"cient water use, then we would underestimate the e!ect of adjudication.
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7.2 Insurance Prices

Crop insurance is regulated by the federal government, who restrict o"erings to a uniform set of prices and

products. These prices are set by the USDA’s Risk Management Agency (RMA). The full details about how

insurance prices are set are complex. But to put it simply, the RMA sets insurance with the aim of achieving

an expected loss ratio of 1. To price these plans, the RMA determines a “base rate” each year for each

county by crop combination. These rates are calculated for a 65% coverage level from that county’s insured

individual’s loss experiences, going back to 1975. The insurance pricing formula calculates a “reference

yield”, which estimates the expected yield for all producers of a crop within a county. Recent fluctuations

around the trend of historical yield are used to construct an empirical distribution of losses.57 There is

little room for discretion in setting insurance prices, as the formulaic approach is applied evenly across all

counties.58

After controlling for county averages and time trends, the residual variation year-to-year in the relative

price of crop insurance between counties is driven by weather shocks, which can be considered plausibly

exogenous. For example, consider two counties which receive di"erent weather shocks in a year, experiencing

di"erent losses, and thus changing the empirically observed distribution of historic losses, and in turn changes

the price of insurance in subsequent years. The changes in the price of crop insurance change the relative

profitability of planting di"erent crops, and lead farmers to di"erent patterns of crop choice. These changes

in crop choice are what we use here to estimate the demand elasticity of crop insurance with respect to these

weather shocks. As a result, estimating a demand parameter on the price of crop insurance after controlling

for year and county fixed e"ects is likely to yield an unbiased estimate of the demand for crop insurance.

7.3 Estimation

Following the standard logit modelling framework, if we assume that #ci,t is distributed I.I.D on a type 1

extreme value distribution, then the probability that farmer chooses crop c will be:

Pr
i,t
(c) =

exp(%c
i,t(Xi,t|'))

!C
c!=1 exp(%

c!
i,t(Xi,t|'))

57Unlike the county base rate, the reference yield is constructed using NASS data which covers both insured and uninsured
farmers.

58However, because sometimes this does lead to outliers, and there are rules in place to handle such exceptions. For example,
the rate that producers play for the same coverage cannot change by more than 20% between years. In extreme cases, usually
involving poor data quality expert underwriters are brought in to determine rates.
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where ' = (&,$, "t, "b) and Xi,t = (PostAdjui,t, InsPricei,t, Xi). We can then estimate this using standard

maximum likelihood:

'! =argmax!"L('|Xi,t)

where

L(') =
N"

i=1

T"

i=t

ln[li,t('|Xi,t)]

=
N"

i=1

T"

i=t

C"

c=1

yci,t ln(Prci,t('|Xi,t)

=
N"

i=1

T"

i=t

C"

c=1

yci,t ln

#
exp(%c('|Xi,t))!C
c!=1 exp(%('|Xi,t))

$

The next sub-section presents the results to a simplified estimate of the model, where we reduce the

problem to a bi-variate logit where farmers choose between either planting a high-value crops or leaving the

land as pasture/fallow. In Appendix Tables A3 and A4, we include a multivariate estimate of this model

where farmers choose between all nine crops described in the previous section. However the results are

substantively similar because the main margin of substitution is between pasture and crops.59

After estimating the model, we calculate two statistics which are used to evaluate the value of adjudi-

cation. Firs, we compare the acreage in crops in 2016, to the counterfactual acreage that would have been

planted had adjudication never taken place, i.e.,

%#Acreage =
"

i

Areai!
j Areaj

%
Pr(yi,2016|PostAdjui,t = PostAdjui,2016)

! (Pr(yi,2016|PostAdju = 0)

&

Secondly, we calculate the total profit generated by adjudication, i.e.,

Total Value =
"

i

Areai

%
E( max

c=1,...,C
(%i,2016(PostAdju = PostAdjui,2016)))

! E(max(%i,2016(PostAdju = 0)))

&

where E(maxc=1,...,C(%i,t)) =
1
" ln(

!
c=1,...,C(expXi$c)

Next, we narrow the focus on water right trading as the specific mechanism by which adjudication gives

rise to changes in crop acreage. To do this, we estimate the following model:

59Another benefit of the bi-variate estimate is that it abstracts from modelling patterns of substitution between crops and
from the dynamics of crop rotation.
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yi,t = ! " PostBuyingRighti,t + PostSellingRighti,t + &" InsPricei,t +Xi$ + "t + "b + #i,t

and calculate acreage changes and profits attributable to these trades in an analogous manner to what was

previously described. We then calculate the change in the value of output as a result of water right trading.

Finally, we calculate the change in output as a result of marginal water right trades which were induced by

adjudication.

7.4 Results

Results from the revealed preference approach are presented in Table 7. There are two sets of control speci-

fications; The first specification contains county and year fixed e"ects, while the second contains additional

soil and climate controls to account for heterogeneity within the county. The text below describes the results

from the second specification which utilizes a richer set of controls.

The raw coe!cients are between 0.4 and 0.6, and are statistically significant. The scale of this number

is arbitrary though, so it cannot be directly interpreted. For each control specification, we present a re-

gression omitting crop insurance price. This omission does not dramatically change the point estimates on

Post Adjudicationi,t, indicating that changes in crop insurance prices appear to be orthogonal to adjudi-

cation status. By normalizing the Post Adjudicationi,t coe!cient by the coe!cient on insurance price, we

find that adjudication increased the relative profitability of growing crop by $84-$114 dollars per acre. This

increase in profitability led to a 3.9% increase in the acreage of crops. These two factors lead to an increase

in the total profitability of crop production in Idaho by $257 million. This large increase in agricultural

profitability after adjudication is the central result of this paper. The estimates do not vary significantly

across the two specifications and are statistically significant. However, the standard errors are substantial,

and as such, the results should be interpreted with caution.

This result does not necessarily rely on normalizing our estimate with respect to insurance price demand.

The coe!cient on post-adjudication implies that total utility is 8% higher after adjudication. We can check

this value against other potential normalizations: for example, if we interpret ‘total utility’ as farm revenues,

then we can normalize the change in profitability after adjudication against the total market value of Idaho’s

crop production ($3.1 billion per year according to the 2012 census of agriculture). If we do this, then the

value created by adjudication is $231 million, an estimate of a similar magnitude. However, this estimate

does not account for di"erences in the unobserved costs that farmers must pay to produce di"erent crops.

Table 8 estimates the impact that water right trading had on crop choices, and whether the increase

in trading we documented in Section 5 rationalizes the increase in crop acreage we observed in Table 7.
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After buying water rights, the relative profitability of a farmer planting crops over pasture increases by

$119 per acre, and buyers increase the share of their land planted in crops by 10% from 67% to 77%. On

the other hand, after selling water rights, point estimate implies that the relative profitability of planting

crops also increases by $35, though that e"ect is not statistically significant. Sellers increase their share

of land planted to crops by 5%, from 45% to 50%. Taken together, both the post-transaction increase in

the profitability of buyers and sellers, as well as the corresponding increase in crop acreage, imply that

the total surplus generated from transfers of water rights between 1999 and 2017 is $98 million. However,

many of these transactions might have occurred anyway in the absence of adjudication, some even happen

before adjudication. To account for this, we adjust the value created by each trade with the probability that

trade was induced by adjudication. After this adjustment, the estimated surplus that adjudication generates

through the channel of increased water trading is $56 million.

This result implies that trading of water rights accounts for less than 20% of the profitability changes after

adjudication. There are two potential reasons for this. First, it could be the case that have overestimated

the value of adjudication due to a violation of the parallel trends assumption. Second, there might be other

mechanisms through which adjudication increases the value of planting crops. For example, an increase in the

security of water rights might have led farmers to make larger and longer-term on-farm capital investments,

increasing the profitability of growing crops. We test both possibility by using aggregate data from the

census of agricultural to estimate the impact of adjudication on the value of agricultural production and the

capitalization of this value into land prices. However, because of the limited variations o"ered by the census

of agriculture, these tests do not provide definitive answers for or against these two explanations. Detailed

results are summarized in Appendix A.

8 Conclusion

Building on the idea of transaction costs and property rights (Coase, 1960), this paper studies the property

rights implications of water rights adjudication in Snake River Basin, Idaho. By exploiting di"erences in the

timing of the adjudication across sub-basins, we show that adjudication leads to a 140% increase in the rate

at which water rights are traded, and these trades move water to more productive pieces of land and that

buyers of water increase their crop acreage. Taken together, these findings suggest that adjudication reduced

transaction costs, and led to more Pareto-improving trades and a more e!cient resource allocation. We then

use a revealed preference approach to estimate the value generated by an expansion of crop acreage after

adjudication. Using demand responses to plausibly exogenous changes in crop insurance prices to monetize

the economic value created by adjudication, we find that adjudication increased the annual value of Idaho’s
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agricultural production by $250 million per year. This $250 million annual return significantly exceeds the

$94 million one-time cost Idaho spent on adjudication. Our estimates also suggest that about 20% of the

return was generated among farmers who traded their water rights as a result of adjudication. This suggests

that while securing property rights and lowering transaction costs facilitates Pareto-improving trades, it also

lead to additional spillover e"ects, for example encouraging investment.

There are several reasons to believe that this study might give only a lower bound on the true value

of adjudication. First, this analysis focused solely on the agriculture, and has not attempted to estimate

any value adjudication generated in other sectors. Pareto improvement under our setting stems from the

di"erences in the underlying agricultural productivity associated with land parcels, in soil, climate, and

other location-specific characteristics that a"ects productivity. But water use by the agricultural sector is

still relatively low-valued. As such, these di"erences can be dwarfed when we consider the potential gain

from trade between an agriculture and an urban water user, in which case the di"erence in the marginal

value can be up to one to two magnitudes.60

Second, our estimated economic benefits are identified only from the relative di"erences in the timing of

adjudication between basins. As a result, it is di!cult to quantify the impact of aspects of adjudication that

a"ected all water rights holders simultaneously, such as unilateral changes in policy by IDWR or case law

developed through Idaho’s courts, both clarifying the property right of water. Similarly, our estimates do not

include reductions in transaction costs associated with not only water transfers, but also the administrative,

monitoring, and legal costs in placing water calls and resolving conflicts.

Third, our estimates come from only a relatively short time horizon, and consequently reflect only the

short-term benefits from adjudication arose from increases in trading and acreage soon after adjudication.

In the long-term, benefits of adjudication are likely to be even greater as securing property rights can induce

more long-term investments and adjustments, for example in farm and irrigation technologies, that sees

benefit over longer time horizons. This is especially true given that climate change is going to increase both

the frequency of extreme heat events as well as the general variability of the temperature and precipitation

distribution. As irrigation water provides an important channel to bu"er from both changes, adjudication

provides institutional backup that unlocks the full potential of water as one of the tools in building climate

resiliency.

At the time of its establishment over a century ago, the prior appropriation doctrine created economic

incentives for multiple generations of settlers in the US West to invest in water infrastructure. Like many

60Putting property rights of water into the hand of individual farmers could also avoid the problem of “tragedy of the
anticommons” (Bretsen and Hill, 2009), where community-held water rights, such as rights held by irrigation districts, are able
to complete agricultural-urban transfers because of holdouts from group members that are harmed by the trade despite the
huge potential economic gains.
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legacy institutions, the prior appropriation doctrine still influences patterns of water use today, despite

the region facing a fundamentally di"erent set of challenges related to climate change, urban growth, and

environmental conservation. One reason for this path-dependence is that ambiguities in property rights under

the prior appropriation doctrine create substantial transaction costs and disincentivize market exchanges,

which, as proposed by Coase (1960), can lead to an ine!cient resource allocation. Yet this ine!ciency is

also correctable. In this paper, we documented the power of reforms in the legal and administrative aspects

of legacy institutions, which can correct institutional failures and unlock new potentials for robust economic

growth. Our study thus serves as a case study of progressive policy change that alleviates an economic

ine!ciency caused by institutional path-dependence.
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Notes

1For example, Anderson and Libecap (2014) and Burness and Quirk (1979). The latter build a model which highlights the

conditions under which ‘prior appropriation’ leads to allocative e"ciency.

2Colorado is the only state in the West that has systematically documented and administered its water rights continuously

since the founding of the state. As a result, today Colorado has the most functional water markets in the western United States.

3Colby (1990) discusses what he calls ‘policy induced transaction costs’ in water markets.

4Leonard and Libecap (2019) systematically document this fact in Colorado.

5Adjudication might also have long-term benefits. For example, having a more flexible system of water rights might allow for

more flexible response to future pressures such as urban growth and climate change. Furthermore systematically documenting

water rights will also enable planners to make more rational planning decisions in the future. Although hugely significant,

these benefits are beyond the scope of this paper, which will focus on identifying only the medium-run benefits of adjudication.

However, because of the potential for these long-term benefits, our results should be interpreted as a lower bound on the true

benefits of adjudication.

6 Debaere and Li (2020) is a recent exception.

7Only the total number of rights involved in the ongoing adjudication of the state of Montana is larger.

8Supreme Court Justice Antony Scalia made this observation during remarks he gave at the conclusion of the adjudication

(Vonde et al., 2016).

9There are two limitations with respect to the scope of the dataset: (1) we do not have an extensive pre-adjudication series

for rights adjudicated early on and (2) we do not observe the price at which rights are traded.

10The Snake River Basin was divided into 35 sub-basins, and the adjudication took place on a quasi-sequential sub-basin by

sub-basin basis.

11This is unlike most adjudications, which occur only locally and on a small scale. Estimating the value of such small-scale

adjudications could lead to a selection e!ect if adjudication only occurs in basins which have significant water right disputes,

and those basins are also the ones which have the highest returns to adjudication.

12However, we cannot detect a significant di!erence in water consumption after adjudication.

13Some examples of applications within environmental economics are pollution markets (Stavins, 1995; Gangadharan, 2000),

forestry (Amacher, Koskela and Ollikainen, 2009), or fisheries (Costello, Gaines and Lynham, 2008; Grainger and Costello,

2014).

14However, Reserved tribal water rights preempt states water rights.

15the prior appropriation doctrine is followed in states west of the 100th meridian running from Texas to North Dakota. In

particular: California, Oregon, Washington, Idaho, Nevada, Montana, Wyoming, Colorado, New Mexico, Utah, Arizona, Texas,

Oklahoma, Nebraska, South Dakota, North Dakota.

16New diversions today in Idaho and most other states do require a permit before they are acknowledged, however historic

rights are typically remain undocumented.

17Whereas under the regulated versions of the ‘riparian’ system in the eastern U.S.A water rights are created and granted

only by regulation.

18Initially the term ‘beneficial use’ was interpreted to include only economically productive uses of diverted water, such as

mining, agriculture or residential consumption. However, over time legal interpretation beneficial use has expanded to recognize

storage, recreation, and environmental preservation as valid ‘beneficial uses’.
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19On the other hand, if a user of a water right fails to put its water right to beneficial use in a particular year, then they can

lose that water right due to non-use.

20note that agricultural water rights usually are transferred along with the land when a farm is bought or sold. In this paper,

when we refer to water right ‘transfer’,‘trades’ or ‘leases’, we are referring specifically to the case where the matching of a water

right to the parcel of land it is used on changes.

21Even across ‘prior appropriation’ states there is significant heterogeneity in the laws, Szeptycki et al. (2015) gives a state-

by-state review of water transfer and the degree to which they facilitate water markets. Some ditch companies and irrigation

districts impose transfer restrictions water right transfers. Ghimire and Gri"n (2014). In California some counties impose

restrictions on transfers outside of the county Hanak (2003).

22In Idaho, groundwater users were established after the 1950s and are thus almost always junior to surface water users.

23Idaho law firm and water broker WestWater Research LLC. argues this is the case in their market reports (WestWater

Research Inc, 2015).

24Stapilus and The Idaho State Bar Water Law Section (2014) gives a very detailed background how the SRBA was organized.

Vonde et al. (2016) discusses all of the legal issues that arose from adjudication.

25Issues included litigation over the constitutionality of adjudication, the conditions under which a water right is forfeited due

to non-use, the meaning of Idaho water rights ensuring water use in ‘public trust’, How water connections should be determined

within the Snake River Basin and how federal and indian rights should be quantified.

26This was explicit determined in a supreme court ruling prior to the first partial-decree and appears in the text of the final

decree.

27However many smaller ‘de minimis’ domestic and stock-water rights were decreed much earlier than this. The vast majority

of the water right decrees which will make up the empirical analysis in this paper occurred between 1999 and 2013.

28Idaho has two regions outside of the Snake River Basin, although they constitute a small share of the state’s water resources;

Idaho’s northern panhandle and the Bear River Basin near Utah. Adjudication of the Northern Idaho Basins began in 2008

and is ongoing, with the first preliminary directors reports issued in 2014. The adjudication of the Bear River is expected to

begin in 2017 after the conclusion of the northern Idaho adjudications.

29Potentially irrigable lands which have never been associated with a water right are omitted from the data, if anything this

would lead to an understatement of the returns to adjudication.

30Some outcome variables in the panel are incomplete due to di!erences in data availability across data-sets. The second

panel in Figure 3 highlights which data sources are available in which years as adjudication progresses. Because data availability

is di!ers across outcome variables, the identifying variation also di!ers across di!erent estimates.

31Most water rights do not explicit specify their volume, so the volume of the right is instead estimated by multiplying the

permitted flow rate of the water right by the length of the irrigation season.

32Depending on whether the reservoir was build by the US Bureau of Reclamation (USBR) or the Army Corps of Engineers,

the management of water might either be in the hands of the federal government or a local water master, typically these

institutions manage this local water use.

33Applications and approvals exist prior to these dates, and that data would in theory strength our analysis. However, IDWR

had not yet digitized their records prior to this date.

34Although we observe when transactions take place and how they move water, we do not observe prices paid.

35Water rights can be modified in 5 ways: 1) change of place of use, 2) change of owner, 3) change / add point of diversion,

4) change of nature of use 5) change period of use.
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36We do not count changes in the ownership of water rights that result from sale of the underlying land. I also do include

applications to move water rights from one parcel of land to another even if the owner of the water right does not change.

37Available at: https://nassgeodata.gmu.edu/CropScape/

38In 2005 only partial data is available but this data covers all of the major agricultural areas in the Snake River Basin.

39Notably, scientific crop studies, such as Allen and Robison (2007), often find larger ET di!erences between these crops in

Idaho than what we have measured here.

40SSURGO also contains a much larger set of interesting variables related to soil quality. But unfortunately many of these

have highly incomplete coverage in our study area, and so we have to omit them from the analysis.

41Trading and trading data does exist before this date. However it has not been digitized, and we have been unable to obtain

copies from IDWR.

42Anecdotally, this appears to be the case based on the oral history of Stapilus and The Idaho State Bar Water Law Section

(2014).

43The linear probability interpretation can be theoretically problematic (for example it might predict negative probabilities).

However, these results are robust to employing a logit specification. Later in the paper, we use logistic regression on crop choice

to avoid similar problems.

44Appendix Figure A1 reproduces the event study Table 5 for each of the alternative specifications and samples discussed

below.

45Vonde et al. (2016) has an extensive discussion of all of the basin-wide Idaho court rulings relating to the Snake River Basin

Adjudication which developed substantial case law about how water was to be managed a!ecting all water users simultaneously.

Issues included: what volume of rights can be transferred, when adversely a!ected third-parties can object to a transfer, the

conditions under which a right is forfeited for non-use and whether private parties can own in-stream water rights, how storage

is administered and many other things.

46Transfer between neighbours does reduce the likelihood of third party objection comparing to longer distance, or even

inter-basin transfers as fewer third parties are a!ected.

47Unlike upstream transfers, downstream transfers will not reduce in-stream flow between the buyer and seller, making

third-party objections less likely.

48Of course, just because water moves to parcels with more productive characteristics does not necessarily mean water is

more productively used.

49The estimates we find are quite noisy, perhaps reflecting significant spatial smoothing which might go into the construction

of the evapotranspiration data.

50In theory, our result is also consistent with farmers adjusting on the intensive margin: applying extra irrigation on the same

crop to achieve higher yield. That is not likely the driving factor since deficit irrigation is relatively uncommon in this area.

51Slightly less - 1,389,000 AF / yr are bought because of mitigation requirements.

52Some imputations and assumptions go into making this estimate: when the volume of water transferred is not recorded it

is inferred by multiplying through the flow rate of the water right by the duration of the irrigation season.

53Although the shares in these regressions add up to one, because of the linear structure and separate regressions, the

treatment e!ects do not necessarily add up.

54This is a slightly di!erent result to other parts of the literature, for example, Debaere and Li (2020); Cobourn et al. (2017).

This is consistent with the findings of Hornbeck and Keskin (2015) in the short run, but not in the long-run.

55This rules out all variations in prices which are purely cross-sectional - such as travel time. It also rules out purely time

series price variation - such as commodity prices.
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56since 23% of pasture is irrigated, and it might be expected that adjudication increased the profitability of irrigated pasture

by allowing more e"cient water use, then we would underestimate the e!ect of adjudication.

57Unlike the county base rate, the reference yield is constructed using NASS data which covers both insured and uninsured

farmers.

58However, because sometimes this does lead to outliers, and there are rules in place to handle such exceptions. For example,

the rate that producers play for the same coverage cannot change by more than 20% between years. In extreme cases, usually

involving poor data quality expert underwriters are brought in to determine rates.

59Another benefit of the bi-variate estimate is that it abstracts from modelling patterns of substitution between crops and

from the dynamics of crop rotation.

60Putting property rights of water into the hand of individual farmers could also avoid the problem of “tragedy of the

anticommons” (Bretsen and Hill, 2009), where community-held water rights, such as rights held by irrigation districts, are able

to complete agricultural-urban transfers because of holdouts from group members that are harmed by the trade despite the

huge potential economic gains.

35



References

Allen, Richard G., and Clarence W Robison. 2007. “Evapotranspiration and Consumptive Irrigation

Water Requirements for Idaho.” Universtiy of Idaho.

Allen, Richard G., Masahiro Tasumi, and Ricardo Trezza. 2007. “Satellite-Based Energy Balance

for Mapping Evapotranspiration with Internalized Calibration (METRIC) - Applications.” Journal of

Irrigation and Drainage Engineering, 133(4): 395–406.

Alston, L.J., G.D. Libecap, and B. Mueller. 2000. “Land reform policies, the sources of violent conflict,

and implications for deforestation in the Brazilian Amazon.” Journal of Environmental Economics and

Management, 39(2): 162188.

Amacher, Gregory S, Erkki Koskela, and Markku Ollikainen. 2009. “Deforestation and land use

under insecure property rights.” Environment and Development Economics, 281–303.

Anderson, Terry L., and Gary D. Libecap. 2014. Environmental Markets. Cambridge University Press.

Ayres, Andrew B, Eric C Edwards, and Gary D Libecap. 2018. “How transaction costs obstruct

collective action: The case of California’s groundwater.” Journal of Environmental Economics and Man-

agement, 91: 46–65.

Ayres, Andrew B, Kyle C Meng, and Andrew J Plantinga. 2019. “Do Property Rights Alleviate the

Problem of the Commons? Evidence from California Groundwater Rights.” National Bureau of Economic

Research.

Brent, Daniel A. 2016. “The Value of Heterogeneous Property Rights and the Costs of Water Volatility.”

American Journal of Agricultural Economics, 99(1): 73–102.

Bretsen, Stephen N, and Peter J Hill. 2009. “Water Markets as a Tragedy of the Anticommons.”

William & Mary Environmental Law and Policy Review, 33(3): 723.

Buck, Steven, Maximilian Au!hammer, and David Sunding. 2014. “Land markets and the value

of water: Hedonic analysis using repeat sales of farmland.” American Journal of Agricultural Economics,

96(4): 953–969.

Burness, H. S., and J. P. Quirk. 1979. “Appropriative water rights and the e!cient allocation of

resources.” American Economic Review, 69(1): 25–37.

Coase, Ronald H. 1960. “The Problem of Social Cost.” The Journal of Law and Economics, 3(1): 1.

36



Cobourn, Kelly M. 2015. “Externalities and Simultaneity in Surface Water-Groundwater Systems: Chal-

lenges for Water Rights Institutions.” American Journal of Agricultural Economics, 97(3): 786–808.

Cobourn, Kelly M, Xinde Ji, Sian Mooney, Neil Crescenti, et al. 2017. “Water right seniority,

economic e!ciency and land allocation decisions.” Agricultural and Applied Economics Association.

Colby, B.G. 1990. “Transactions Costs and E!ciency in Western Water Allocation.” American Journal of

Agricultural Economics, 72(5): 1184–1192.

Costello, C., S. D. Gaines, and J. Lynham. 2008. “Can Catch Shares Prevent Fisheries Collapse?”

Science, 321(5896): 1678–1681.

Debaere, Peter, and Tianshu Li. 2020. “The e"ects of water markets: Evidence from the Rio Grande.”

Advances in Water Resources, 145: 103700.

Demsetz, Harold. 1967. “Toward a Theory of Property Rights.” American Economic Review, 57(2): 347–

359.
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Table 1: Summary Statistics - Water-Right Data

Water rights Transaction data
All rights Irrigation rights Traded rights

Observations 163,259 46,838 24,938

Median priority date 1952 1952 1959
Median adjudication date 2000 2007 2002

Groundwater source 54% 42% 67%
Irrigation use 27% 100% 87%

Within Snake River Basin 92% 89% 97%
Adjudicated prior to 2015 87% 82% 93%

Median volume (cfs) 0.04 0.49 0.99
Max permitted irrigation acres 191 479

Water right ever traded 6% 18% 100%

Median transaction year 2009
Adjudicated at time of transaction 82%
Within basin transactions 97.8%

This table includes all known water rights in both adjudicated and unadjudicated basins. However, a small number
of omitted rights might exist that have never been documented in unadjudicated basins. Priority denotes the year
water was first diverted creating the legal right; this determines the order of rationing in shortages. The
adjudication date is the date on which the water right was adjudicated. In calculating median adjudication date,
unadjudicated rights are imputed as +!. In all other calculations missing data is omitted, these omissions typically
only occur in not-yet-adjudicated rights which were historically incompletely documented. The median volume of a
water right is implicitly defined by its flow rate - measured in cubic feet per second - since total volume is often not
quantified.
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Table 2: Summary Statistics - Crop Acreage in 2010

Low Value Uses Medium Value Crops High Value Crops
Fallow Pasture Alfalfa Wheat Barley Potatoes Corn Sugarbeets Other

Area - (000 Acres) 488 4,908 1,575 1,218 621 323 388 168 419
(% of total) (4.83%) (48.5%) (15.6%) (12.0%) (6.1%) (3.2%) (3.8%) (1.6%) (4.2%)

Avg. market value of crops ($/acre) $0 $242 $567 $374 $555 $2,859 $1,032 $1,849 $47,000

Avg. evapotranspiration rate (mm/day) 1.25 2.47 3.71 3.83 3.43 3.62 3.76 4.4 3.4
(std. dev.) (0.58) (0.90) (0.80) (0.60) (0.67) (0.42) (0.43) (0.50) (0.67)

Insurance price ($/acre) · · $19.2 $11.4 $6.5 $37.7 $7.6 $10.2 $29.4
(share insured) (2%) (67%) (59%) (70%) (31%) (70%) (36%)

Acreage calculated from Crop Data Layer. Market value estimates from USDA QuickStat (‘other’ crop value is for dry beans only). Average evapotranspiration
is calculated by matching Metric evapotranspiration data with Crop Data Layer classifications. Insurance data is taken from USDA-RMA Summary of Business
reports. Insurance price is for baseline 65% revenue insurance. Insurance shares are calculated over all insurance policies by comparing insured acres in
Summary of Business to total acreage in Crop Data Layer. In descending order, the ten next largest crops that constitute the majority of the ‘other’ column are:
dry beans, peas, lentils, sa"ower, canola, triticale, oats, herbs, onions, and mustard.
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Table 3: Impact of Adjudication on Water-Right Trading

Sample:
All Idaho

Water Rights
All Irrigation
Water Rights

Evapotranspiration
Sample Only

Dependent Variable: Water Right Traded in Year
Specification 1:

Year FE & Water Right FE

Post Adjudication 0.010!!! 0.010!!! 0.008!!!

(0.003) (0.003) (0.003)

R2 0.089 0.086 0.071

Specification 2:
Year Cubic + Crop Price Series + Weather Series & Water Right FE

Post Adjudication 0.013!!! 0.013!!! 0.009!!!

(0.003) (0.004) (0.003)

R2 0.099 0.094 0.078

Specification 3:
Year FE & Basin FE + Soil Controls + Climate Controls

Post Adjudication 0.010!!! 0.007!!!

(0.003) (0.002)

R2 0.013 0.005

Specification 4:
Weighted by Water Right Volume (Year FE & Water Right FE)

Post Adjudication 0.018 0.058 0.012!!!

(0.013) (0.039) (0.005)

R2 0.161 0.172 0.100

Specification 5:
Weighted By Acreage Irrigated (Year FE & Water Right FE)

Post Adjudication 0.050 0.013!!!

(0.034) (0.005)

R2 0.097 0.013

Specification 6:
Alternative Adjudication Dates (Year FE & Water Right FE)

Post Adjudication 0.009!!! 0.006! 0.007!!!

(0.002) (0.004) (0.002)

R2 0.089 0.086 0.071

N 165104 44353 10136
T 17 17 17
Observations 2,806,768 754,001 172,312

Note: !p<0.1; !!p<0.05; !!!p<0.01
This table presents different specifications of the following regression:

yi,t = !Post Adjudicationi,t + Xi"i + Xt"t + #i,t

Where yi,t, a dummy variable indicating where a water right is traded in a particular year is regressed on post adjudicationi,t, another dummy variable

indicating whether the water right has been adjudicated.
The three columns correspond to different, increasingly narrow samples. The first column contains all water rights. The second contains only water rights
which are specified for irrigation use. The third contains only irrigation water rights for which we have matched evapotranspiration data (see Figure 1 for
region).

• Specification (1) is a standard panel regression with individual and year fixed effects.
• Specification (2) accounts for components of the treatment effect which might be co-linear with year-fixed effects, such as changes in policy which

affect the entire state simultaneously. This specification includes a polynomial trend in time as well as controls for average annual crop prices (for
potato, wheat, and corn) and weather controls (annual precipitation and average temperature).

• Specification (3) accounts for the fact that because most water rights are never traded, the panel specification may be over-controlled. It replaces
individual fixed effects with basin fixed effects and controls for the irrigation capacity class of the soil.

• Specification (4) weighs water rights by their permitted volume rather than weighing each right equally.
• Specification (5) weighs water rights by the acreage those rights are permitted to irrigate.
• Specification (6) replaces the adjudication date with the release date of preliminary basin reports. These reports were the first signal water right

claimants received about the likely outcome of adjudication. On average the preliminary basin report date was released 1.3 years before the
adjudicated water right was formally decreed.

Robust standard errors, clustered two-ways at the basin and year level are presented in parentheses.
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Table 4: Soil and Climate Di"erences Between Water-Right Buyers and Sellers

Outcome Di"erence C.I

Distance
Average Annual Air Temp 0.0753 (0.0169,0.134)

Average Annual Precipitation 0.459 (-1.11,2.02)
Elevation -7.43 (-13.8,-1.08)
K-factor .085 (0.0215,0.149)

Clay Percentage 3.25 (2.19,4.28)
Frost Free Days 1.06 (0.515,1.61)

Land Slope 0.0564 (-0.274,0.387)

Expected Rev/Acre Irrigated 34.2 (4.98,63.4)
Expected Rev/Acre Non-Irrigated -2.05 (-5.39,1.29)

Expected ValueAdded/Acre by Irrigation 34.6 (5.68,63.6)

This table shows the acreage weighted average di!erences for each water right transaction between the soil
characteristics of the water right buyer and seller. Soil quality data is from the USGS. Confidence Interval is from a
one-sided paired t-test of hypothesis that the di!erence is equal to zero. Expected Revenue is calculated from the
USGS Soil Productivity Estimates for that parcel’s most productive crop multiplied by that years market price.
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Table 5: The Impact of Adjudication and Trading on Rates of Evapo-Transpiration

Dependent variable:

Change in Evapotranspiration Rate (mm / Acre day)

Specification 1: Specification 2:

Individual and Year Fixed E"ects
Basin and Year Fixed E"ects
+ Soil and Climate Controls

(1) (2) (3) (4)

Post-Adjudication !0.153 0.036
(0.102) (0.069)

Post-Buying Water Right 0.054 0.140!

(0.079) (0.075)

Post-Selling Water Right 0.046 !0.124
(0.084) (0.078)

Observations 93,860 93,860 93,860 93,860
R2 0.640 0.640 0.332 0.332

Total Volume of Water (AF/year)

(1) (2) (3) (4)

Post-Adjudication !204,517 48,405
( 136,506 ) (91,658)

Post-Buying Water Right 18,303 46,964!

(26,733) (25,261)

Post-Selling Water Right 14,147 !38,213
(25,941) (24,190)

Note: !p<0.1; !!p<0.05; !!!p<0.01
This table estimates the impact of adjudication and water right trading on evapo-transpiration rates.
Columns (1) and (3) estimate the equation: ETi,t = !Post-Adjudicationit +Xi"i + #t + $i,t
Columns (2) and (4) estimate the equation:
ETi,t = !1Post-Buying Water Rightit + !2Post-Selling Water Rightit +Xi"i + #t + $i,t
The estimates are noisy - although they are consistent with both (1) the claim that there was no change in total water use
after adjudication (2) that there was some change in measured ET when water rights were transferred from buyers to sellers -
however the e!ects are too small to claim that on average sellers completely dry their land after selling rights.
The second panel multiplies through the estimates in panel 1 by the volumes of each water right traded. If you assume 90%
return flow and 50% irrigation e"ciency then the estimates are consistent with the total paper value of total market activity:

1,461,348 AF / yr sold (1,389,268 AF / yr bought).
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Table 6: The Impact of Adjudication and Trading on Crop Acreage Shares

Panel 1:
Impact of Adjudication on Crop Shares

Dependent variable:

Fallow Pasture Alfalfa Wheat Barley Potatoes Corn Sugarbeets Other

Post-Adjudication !0.002 !0.029! 0.013 0.004 0.008 0.002!! 0.003 !0.002 0.003
(0.012) (0.016) (0.020) (0.009) (0.006) (0.001) (0.004) (0.002) (0.002)

R2 0.395 0.795 0.564 0.437 0.488 0.440 0.567 0.309 0.381

Panel 2:
Impact of Trading on Crop Shares

Dependent variable:

Fallow Pasture Alfalfa Wheat Barley Corn Potatoes Sugarbeets Other

Post-Buying Water Rights 0.007 !0.039!!! 0.002 0.035!!! 0.002 !0.002 0.008!!! !0.002 !0.004
(0.009) (0.012) (0.015) (0.013) (0.011) (0.005) (0.003) (0.002) (0.003)

Post-Selling Water Rights 0.010! !0.029!!! 0.010 0.012 0.003 0.005 0.001 !0.001 0.002
(0.006) (0.010) (0.012) (0.014) (0.005) (0.004) (0.001) (0.001) (0.002)

R2 0.395 0.795 0.564 0.440 0.488 0.442 0.365 0.309 0.381

T 11 11 11 11 11 11 11 11 11
N 19159 19159 19159 19159 19159 19159 19159 19159 19159
Observations 186,711 186,711 186,711 186,711 186,711 186,711 186,711 186,711 186,711

Note: !p<0.1; !!p<0.05; !!!p<0.01
Panel 1 estimates the following for each of 9 crop classifications:
Sharecropi,t = !Post Adjudicationi,t + #i + #t + $i,t
where Sharecropi,t is the fraction of the land parcel which is planted in that specific crop as measured by the Crop Data Layer.
Post Adjudicationi,t is an indicator variables that become true after the adjudication of all water rights attached to that parcel of land is complete.
Panel 2 estimates:
Sharecropi,t = !buyPost-Buys WaterRighti,t + !sellPost-Sells WaterRighti,t + #i + #t + $i,t
where Post-Buys WaterRighti,t and Post-Sells WaterRighti,t are indicator variables that become true after a parcel of land either buys or sells a water rights attached to it.
In both specifications, the regressions are panel ‘within’ estimators with time fixed e!ects #t and parcel fixed e!ects #i.

Standard errors are two-way clustered at the basin and year level.
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Table 7: Logit Model of Decision to Plant Crops After Water-Rights Adjudicated

Dependent variable:

Choice of Crop Type

Specification 1: Specification 2:

Basin and Year Fixed E"ects
Basin and Year Fixed E"ects
+ Soil and Climate Controls

(1) (2) (3) (4)
Estimated Coe!cients:

Insurance Price !0.006!! !0.005!!

(0.002) (0.002)

Post Adjudication 0.630!!! 0.672!!! 0.630!!! 0.411!!!

(0.199) (0.196) (0.199) (0.150)

Monetized Estimates: ($/ Acre)

Post Adjudication 114.2 84.1
[41.6, 423.7] [29.0, 297.9]

Acreage change in 2016 resulting from adjudication (%)

7.3 3.9
[2.6, 27.1] [1.4, 14.7]

Total Value of Adjudication: ($ 000,000)

320 257
[126, 915] [95, 1254]

Observations 136,298 136,298 136,298 136,298
R2 0.096 0.115 0.096 0.133

Note: !p<0.1; !!p<0.05; !!!p<0.01
• The first panel of this table shows the estimate coefficients from the fractional logistic regression:

yi,t = ! # PostAdjui,t + $ # InsPricei,t + Xi" + %t + %b + #i,t

Where yi,t is the share of the basin planted in crops (wheat, alfalfa, barley, corn, sugarbeets, potatoes and other) rather than pastureland or fallow

land.
Fixed effects are estimated with dummy variables. Standard errors are clustered two ways at the basin and year level.

• The second panel shows the monetized estimates of the change in value of crops relative to pasture after adjudication: $
PostAdjui,t
InsPricei,t

.

Square brackets contain 95% confidence interval constructed via cluster bootstrap at basin # year level with sample of 1000.
• The third panel estimates the change in acreage attributable to adjudication:

%!Acreage =
!

i
Areai!
j Areaj

"
Pr(yi,2016|PostAdjui,t = PostAdjui,2016) $ (Pr(yi,2016|PostAdju = 0)

#

• The fourth section estimates the expected maximum profit

Total Value =
!

i Areai

"
E(maxc=1,...,C (&i,2016(PostAdju = PostAdjui,2016))) $ E(max(&i,2016(PostAdju = 0)))

#

where E(maxc=1,...,C (&i,t)) = 1
$

ln(
!

c=1,...,C (expXi"
c))
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Table 8: Logit Model of Decision to Plant Crops After Water-Rights are Bought or Sold

Dependent variable:

Choice of Crop Type

Specification 1: Specification 2:

Basin and Year Fixed E"ects
Basin and Year Fixed E"ects
+ Soil and Climate Controls

(1) (2) (3) (4)

Insurance Price !0.005!! !0.004!!

(0.002) (0.002)

Post Buying Water Right 0.691!!! 0.667!!! 0.691!!! 0.536!!!

(0.139) (0.128) (0.139) (0.127)

Post Selling Water Right 0.396 0.380 0.396 0.156
(0.291) (0.288) (0.291) (0.245)

Monetized Estimates ($/Acre):

Post Buying Water Right 128.5 119.0
[52.8, 468.1] [27.2, 371.3]

Post Selling Water Right 73.2 34.6
[23.5, 248.1] [-13.2, 113.0]

Average Acreage Change after Transfer:

Post Buying Water Right 8.9 10.2
[3.1, 33.0] [2.5, 36.7]

Post Selling Water Right 3.2 5.5
[0.7, 12.1] [1.9, 20.4]

Surplus from transfers ($ 000,000):

Surplus from all transfers 79 98
[31, 355] [40, 483]

Surplus from transfers induced by adjudication 45 56
[17, 202] [23, 276]

Observations 136,298 136,298 136,298 136,298
R2 0.087 0.105 0.093 0.130

Note: !p<0.1; !!p<0.05; !!!p<0.01
• The first panel of this table shows the estimate coefficients from the fractional logistic regression:

yi,t = ! # PostBuyingRighti,t + PostSellingRighti,t + $ # InsPricei,t + Xi" + %t + %b + #i,t

where yi,t is the share of sub-basin planted in any crop rather than pasture or fallow land.

Fixed effects are estimated with dummy variables. Standard errors are clustered two ways at the basin and year level.

• The second panel shows the monetized estimates of the change in value of crops relative to pasture after adjudication: $
PostBuyingRighti,t

InsPricei,t
and

$
PostSellingRighti,t

InsPricei,t
. Square brackets contain 95% confidence interval constructed via cluster bootstrap at basin # year level with sample of 1000.

• The third panel estimates the change in acreage in Idaho attributable to adjudication by estimating

%!Acreage =
!

i
Areai!
j Areaj

"
Pr(yi,2016|PostBuyingRighti,2016,PostSellingRighti,2016) $ (Pr(yi,2016|0, 0)

#

• The fourth section estimates the expected maximum profit

Total Value =
!

i Areai

"
E(maxc=1,...,C (PostBuyingRighti,2016,PostSellingRighti,2016))) $ E(max(&i,2016(0, 0)))

#

where E(maxc=1,...,C (&i,t)) = 1
$ ln(

!
c=1,...,C (expXi"

c))
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Figure 1: Idaho’s Administrative Sub-basins
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Figure 2: Spatial heterogeneity of adjudication status

This figure shows the progress of the Snake River Basin Adjudication. In each figure, the color of each
sub-basin shows the share of water rights that had been adjudicated before or during that year. This
spatial variation in the patterns of adjudication identifies the estimates in this paper. Spatial heterogeneity
in adjudication status suggests that adjudication status might not systematically vary with omitted spatial
variables. By 2012 almost all Water Rights in the Snake River Basin have been adjudicated. Additional
sub-basins in the Northern Panhandle become adjudicated by 2016.

50



Figure 3: Share of Water Rights Adjudicated

Solid series shows the share of all water rights in Idaho which have been adjudicated since 1990 as a result
of the SRBA and other adjudications. The dashed line shows share adjudicated for only the subset of
irrigation water rights. The di"erence in timing between ‘all rights’ and ‘irrigation rights’ is due to a
di"erent administrative process being used to adjudicate domestic and stock-water rights. The shapes
below show the years in which data is available from various sources.
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Figure 4: Pre-trends in county acreage grouped by timing of adjudication

• This figure tests the parallel pre-trends assumption necessary to draw inference from panel data.
• The top panel shows parallel trends in METRIC Evapotranspiration Rates between ‘Early’, ‘Middle’

and ‘Late’ adjudicated basins. This series is based of matching observations from individual pacels.
• The second panel shows parallel trends for crop shares for the 6 largest crops from the USDA

quick-stat database. Because Hay and Alfalfa are classified di"erently to in Cropscape data, these
numbers are not necessarily consistent with the data later in the paper. Furthermore this data is at
the county level, and counties are classified into ‘Early’,‘Middle’ or ‘Late’ adjudication based on the
median adjudication date in the county.

• ‘Early’ basins were adjudicated between 1999-2002
• ‘Middle’ basins were adjudicated between 2003-2006
• ‘Late’ basins were adjudicated between 2006-2015
• Basins adjudicated after 2015 are omitted from this figure
• The dashed lines denote the beginning of the ‘Early’ and ‘Middle’ adjudication periods
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Figure 5: Event Study - Impact of Adjudication on the Rate of Water Right Permanent Transfers

This figure shows how the rate at which water rights are traded changes after water rights are legally adjudicated.
It plots the coe#cients of the following ‘event-study’ regression :

yit = !tYears After Adjudicationit + "year + "water right + #it

The sample is restricted to data with at least six years of observations before and after adjudication. The omitted
factor in the regression is t = "1, the year before adjudication. Standard errors are robust and clustered two ways
at the Basin and Year level. Confidence intervals are at the 95% level.
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Appendix A: Adjudication, Land Value and Farm Investment

Here we attempt to detect aggregate impacts of adjudication using data from the census of agriculture.

In particular, we estimate the impact of adjudication on on-farm investment decisions, farm revenues, and

land value. Although the census of agriculture o"ers a rich set of outcome variables, it is limiting for two

reasons. First, the census is only measured every five years, and as a result, there are only have three

post-adjudication observations (in 2002, 2007, 2012). Secondly, observations in the census are at the county-

level, and the 44 counties in Idaho do not precisely match the 35 sub-basins units, the level at which the

adjudication was conducted. This mismatch reduces potentially useful variation. As a result, this analysis

is statistically under-powered, and the results are sensitive to the choice of specification.

The results are presented in Table A5. For each outcome variable, we present two specifications, one

where the outcome is in levels and another where the outcome is in logs. We present each specification

with two sets of controls, one with county fixed e"ects and parametric time trends (specifically a quadratic

polynomial time trends and growing degree days and precipitation). The other specification has a traditional

panel structure with year and county fixed e"ects.

In the first two columns of Table A5, the outcome variable is land value. If adjudication actually increases

the value of farm incomes, as we have estimated in the previous section, then we expect the value created

by adjudication is at least partially capitalized in land values. We find mixed results: when the outcome

variable is measured in levels, the value of agricultural land increases by $200,000 per farm. But when we

measure land value in logarithm, we find the value of agricultural land declines by 18%. In the second

two columns of Table A5, the outcome variable is the value of farm equipment and machinery. Aside from

reducing transaction costs, one alternative channel through which adjudication could impact agricultural

productivity is that the reduction in uncertainty created by clarifying water rights lead farms to invest

in additional equipment and machinery. In this specification, the results are consistent between the level-

specification and log-specifications. When measured in levels, on-farm investment increases by $36,000 per

farm. This is consistent with the 22% increase in the value of on-farm machinery found when the outcome

is measured in logs. However, the result in logs is not statistically significant. Taken together, it appears

that adjudication generated an increase in on-farm investment. In the final two columns of Table A5, the

outcome variable is net farm income. In the level-specification, adjudication increased net farm income by

$50,000, although the e"ect is not statistically significant. In the log-specification, adjudication increased

net farm income by 120%. Although this estimate is statistically significant, it is probably too large to be

plausible, again indicating statistical irregularities caused by the limited variations in the census data.
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Appendix B: Additional Figures and Tables
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Table A1: List of Data Sources

Data Source Resolution Years Available Fields

Water Right Database IDWR Individual Water Right
- GIS Place of Use and
Point of Diversion

NA - Cross Section Adjudication Date, Priority Date, Na-
ture of Use, Water Source, Area, Maxi-
mum Rate of Diversion, Maximum Per-
mitted Irrigable Area, Associated Wa-
ter Districts, Number of Water Sources

Water Right Trades IDWR Individual Water Right
Level - GIS Place of Use
and Point of Diversion

Annual 2000-2016 Date, Approval, Parcel of WR Seller,
Parcel of WR Buyer

Farm Crop Choice USDA NASS
Crop Data Layer

30x30m Raster 2005, Annual 2007-
2016

Crop Classifications

Soil Data USGS SSUURGO 30x30m Raster NA - Cross Section Irrigation Capacity Class, Mean An-
ual Temperature, Average Annual Pre-
cipitation, Average Annual Frost Free
Days, Elevation, K-factor, Clay Per-
centage, Land Slope

Climate Data PRISM County Level Annual 1990-2016 Annual Temp, Annual Precip, Annual
Growing Degree Days

Crop Insurance Data USDA RMA
Summary of Business
Data

County Level Annual 1990-2016 Type of Insurance, Acreage and Aver-
age Price by Crop

Evapotranspiration
Data

UIdaho METRIC
Model
calibrated from Land-
sat Satellite Data

30x30m Raster 1985, 1986, 1992, 1996,
2000, 2002, 2003, 2006,
2008, 2009, 2010

Average Daily ET calculated from Sea-
son Average ET

Census of Agriculture USDA County Level 1972, 1978, 1982, 1987,
1992, 1997, 2002, 2007,
2012

On-farm Investment & Property Values
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Table A2: Average Characteristics of Water-Rights by Adjudication Timing

Adjudication Date
Early

1999-2002
Middle

2003-2006
Late

2007-2015 Unadjudicated

Number of Observations 6148 10165 18738 9295

Irrigation Value Added ($) 900 1051 1003 711

Groundwater Source (%) 42 59 29 46
Priority Date 1934 1943 1928 1962

Number of Water Sources 1.03 1.02 1.04 1.03
Large Place of Use (%) 4.5 3.0 7.7 6.8

Acres permitted to Irrigate 44 76 130 41
Maximum Flow Rate (cfs) 1.69 2.10 4.24 1.97

Elevation (m) 1427 1398 1350 1184
Avg Air Temp (C) 7.0 7.5 7.6 7.6

Avg Annual Precip (mm) 297 295 326 462

Table contains the average characteristic of water rights and the land they irrigate, binned by their date of
adjudication. If adjudication was quasi-randomly assigned then characteristics should be similar across
time. Unfortunately there are significant di"erences between bins. This motivates a panel approach to
estimation which instead relies on an assumption parallel trends.
Characteristics are those associated with the water rights at the end of the sample. The soil characteristics
are from gSSURGO. The climate characteristics are from PRISM averaged over the previous 50 years. The
water rights unadjudicated at the end of 2017 are outside of the Snake River Basin, either in Northern
Idaho Basins or the Bear River Basin.
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Table A3: Multinomial Model of Crop Choice Changes after Water-Rights are Adjudicated

Specification 1:
Basin FE + Year FE

Insurance Price !0.008!!!

(0.003)

Fallow Alfalfa Wheat Barley Potatoes Corn Sugarbeets Other
Post Adjudication " Crop 0.185 0.465!!! 0.441!! 0.545 0.408 0.279 0.672!!! !0.804!!

(0.208) (0.100) (0.201) (0.338) (0.301) (0.292) (0.236) (0.367)

Post Adjudication " Crop 24.6 61.9!! 58.8 72.6 54.3 37.2 89.5!! !107.1!

(Monetized Estimates) (25.4) (28.9) (37.1) (54.1) (44.2) (43.3) (44.5) (55.9)

Average Partial Value Added 22.4
($ / Acre) (56.1)

Total Value of Adjudication 62.8
($ 000 000 ) (149.2)

Observations 106,078
R2 0.082

Specification 2:
Basin FE + Year FE + Soil & Climate Controls

Insurance Price !0.004!!!

(0.001)

Fallow Alfalfa Wheat Barley Potatoes Corn Sugarbeets Other
Post Adjudication " Crop 0.158 0.400!!! 0.207 0.390 0.144 0.236! 0.526! !0.583!!!

(0.225) (0.106) (0.169) (0.239) (0.254) (0.135) (0.297) (0.210)

Post Adjudication " Crop 38.1 96.9!! 50.0 94.2 34.8 57.0 127.3 !140.9!!!

(Monetized Estimates) (49.6) (45.2) (47.6) (71.6) (63.8) (43.1) (91.0) (48.1)

Average Partial Value Added 28.1
($ / Acre) (63.1)

Total Value of Adjudication 79.3
($ 000 000 ) (189.7)

Observations 106,078
R2 0.139

Note: !p<0.1; !!p<0.05; !!!p<0.01
• The first row of this table shows the estimate coefficients from the fractional logistic regression:

yi,t = ! # PostAdjui,t + $ # InsPricei,t + Xi" + %t + %b + #i,t
Where yi,t is the share of the basin planted in crops (wheat, alfalfa, barley, corn, sugarbeets, potatoes and other) rather than pastureland or fallow

land.
Fixed effects are estimated with dummy variables. Standard errors are clustered two ways at the basin and year level.

• The second row shows the monetized estimates of the change in value of crops relative to pasture after adjudication: $
PostAdjui,t
InsPricei,t

.

• The third row estimates the average per acre value added of adjudication:

Average Partial Value Added = 1!
j Areaj

!
i Areai

"
E(maxc=1,...,C (&i,2016(PostAdju = PostAdjui,2016))) $ E(max(&i,2016(PostAdju = 0)))

#

where E(maxc=1,...,C (&i,t)) = 1
$

ln(
!

c=1,...,C (expXi"
c))

• The fourth row estimates the total value added from adjudication

Total Value =
!

i Areai

"
E(maxc=1,...,C (&i,2016(PostAdju = PostAdjui,2016))) $ E(max(&i,2016(PostAdju = 0)))

#

where E(maxc=1,...,C (&i,t)) = 1
$

ln(
!

c=1,...,C (expXi"
c))
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Table A4: Multinomial Model of Crop Choice Changes after Water-Rights are Bought or Sold

Specification 1:
Basin FE + Year FE

Insurance Price !0.007!!!

(0.000)

Fallow Alfalfa Wheat Barley Potatoes Corn Sugarbeets Other
After Buying Rights " Crop 0.74!!! 0.72!!! 0.68!!! 0.90!!! 0.65!! 0.80!!! 0.30 0.45

(0.21) (0.15) (0.22) (0.16) (0.26) (0.19) (0.18) (0.38)

After Selling Rights " Crop 0.91!!! 0.04 0.25 0.12 0.15 0.10 0.07 !0.79!!

(0.27) (0.17) (0.18) (0.36) (0.18) (0.20) (0.23) (0.37)

Monetised Estimates
After Buying Rights " Crop 100.8!! 97.3!! 92.3!! 122.5!! 88.4!! 108.8!! 40.5 60.6

(51.51) (42.46) (50.06) (51.00) (47.11) (45.03) (30.23) (53.23)
After Selling Rights " Crop 123.8! 5.2 33.4 16.7 20.3 14.0 9.7 !107.6!

(69.45) (23.17) (27.66) (50.07) (25.75) (27.96) (30.60) (56.18)

Average Partial Value Added of Transfer 84.2
($ / Acre) (53.3)

Total Value of Adjudication Induced Transfers 17.1
($ 000 000 ) (10.2)

Observations 106,078
R2 0.098

Specification 2:
Basin FE + Year FE + Soil & Climate Controls

Insurance Price -0.004!!!

(0.001)

Fallow Alfalfa Wheat Barley Potatoes Corn Sugarbeets Other
After Selling Rights " Crop 0.64!!! 0.63!!! 0.54!!! 0.73!!! 0.51!! 0.91!!! 0.20!!! 0.58!

(0.18) (0.13) (0.19) (0.17) (0.23) (0.19) (0.22) (0.34)
After Buying Rights " Crop 0.72!!! !0.06 !0.10 0.01 !0.22 0.02 !0.24 !0.83!!!

(0.21) (0.15) (0.13) (0.22) (0.17) (0.22) (0.22) (0.35)

Monetised Estimates
After Selling Rights " Crop 161.4!! 157.7!!! 136.3! 183.0!! 127.7! 228.7! 50.9 145.0

(66.74) (61.20) (73.95) (73.25) (68.97) (79.90) (61.67) (94.61)

After Buying Rights " Crop 181.2! !15.0 !24.6 2.9 !54.7 5.3 !61.2 !209.5!!

(93.14) (37.12) (32.45) (55.31) (42.58) (54.62) (56.98) (104.97)

Average Partial Value Added of Transfer 139.2!

($ / Acre) (67.5)

Total Value of Adjudication Induced Transfers 30.1!

($ 000 000 ) (13.2)

Observations 106,078
R2 0.159

Note: !p<0.1; !!p<0.05; !!!p<0.01
This Table extends binomial logistic the results in Table 10 to the multinomial case where farmers choose between different varieties of crops. This table
estimates how the value of planting different crops changes after each water right transfer.

• The first set of rows in this panel of this table shows the estimate coefficients from the fractional multinomial logistic regression:
yi,t = ! # PostBuyingRighti,t + PostSellingRighti,t + $ # InsPricei,t + Xi" + %t + %b + #i,t
where yi,t is the share of sub-basin planted in any crop rather than pasture or fallow land.

Fixed effects are estimated with dummy variables. Standard errors are clustered two ways at the basin and year level.
• The second set of rows in each panel shows the monetized estimates of the change in value of crops relative to pasture after adjudication:

$
PostBuyingRighti,t

InsPricei,t
and $

PostSellingRighti,t
InsPricei,t

.

• The third row estimates the average per acre value added of adjudication:
• The fourth row estimates the total value added from adjudication
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Table A5: The Impact of Adjudication on Aggregate Economic Outcomes

Panel 1 - Dependent variable in Levels

Value of Land
Value of On-Farm

Equipment and Machinery Net Cash Income

(1) (2) (3) (4) (5) (6)

Share of County Adjudicated 205,104! 210,031! 36,988!! 35,428!! 51,529 51,048!

(107,518) (116,755) (14,751) (15,545) (33,376) (26,442)

R2 0.882 0.882 0.720 0.712 0.730 0.707

Panel 2 - Dependent variable in Logs

Log(Value of Land)
Log(Value of On-Farm

Equipment and Machinery) Log(Net Cash Income)

(1) (2) (3) (4) (5) (6)

Share of County Adjudicated !0.210!! !0.189!!! 0.190 0.205 0.787!! 0.811!!

(0.086) (0.072) (0.130) (0.139) (0.313) (0.318)

R2 0.963 0.962 0.774 0.769 0.863 0.859

Specification

Parametric Time Trends X X X
Year FE X X X
County FE X X X X X X

T 7 7 7 7 7 7
N 44 44 44 44 44 44
Observations 308 308 308 308 308 308

Note: !p<0.1; !!p<0.05; !!!p<0.01
The two panels on this table estimate the impact of adjudication on economic outcomes from the Census of Agriculture. In the top panel outcome variables are measured in
levels in the bottom panel variables are measured in logs. Observations are at the county level and contain all 44 counties in Idaho. Observations are included from seven
5-yearly Census of Agriculture between 1982-2012.
The estimating equation for specifications with county FE and year FE is: yit = !Share Adjudicatedit + #i + #t + $it
The estimating equation for specifications with parametric trends is: yit = !Share Adjudicatedit + #i + f(t) +Xit" + $it
Where f(t) is a quadratic polynomial in calendar year, and Xit includes Idaho Producer Price Indices and Farm Cost Indices from FRED, and county growing degree days
and precipitation from the PRISM climate database. Standard Errors are robust clustered two ways at the County and Year Level.
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Figure A1: Event Study - Impact of Adjudication on the Rate of Water Right Permanent Transfers

This figure replicates Figure 5 for di!erent specifications show in Table 5. In particular we estimate some version of

yit = !tYears After Adjudicationit + f(t, i,Xi,t) + #it

The sample is restricted to data with at least six years of observations before and after adjudication. The omitted
factor in the regression is t = "1, the year before adjudication. Standard errors are robust and clustered two ways
at the Basin and Year level. Confidence intervals are at the 95% level. See Table 5 for more details on specifications
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Figure A2: Event Study - Extended Post Period

This figure aims to address concerns about manipulation around the treatment date. Since adjudication is
anticipated, firms might strategically defer trades before adjudication until after. In this case, our estimate
would not a"ect the persistent e"ects of adjudication. However, if the e"ect is persistent over time, then we
might expect to attribute the changes to permanent increases in the rate of transfers, perhaps driven by a
permanent reduction in transaction costs.
This figure estimates the same equation as Figure 5 :

yit = !tYears After Adjudicationit + "year + "water right + #it

However, this table instead restricts the sample to the three years (2004-2006) in which there at least 10
observations available after adjudication and 4 before.
Although the results are noisy, they are suggestive of a permanent increase in the rate of transactions.
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